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LETTER  OF  TRANSMITTAL 


United  States  Department  op  AaBicuLTUBB, 

Oppioe  op  Expbbiment  Stations, 

Washington^  D.  C,  May  19,  1898. 
Sm':  I  have  the  honor  to  transmit  herewith  an  article  on  tomato 
growing,  by  Edward  B.  Voorhees,  M.  A.,  director  of  the  New  Jersey 
Agricnltoral  Experiment  Stations  and  professor  of  agriculture  in  Eut- 
gers  College,  including  notes  on  the  fangons  diseases  of  tomatoes,  by 
Byron  D.  Halsted,  D.  Sc.,  botanist  and  horticultarist  in  the  same 
institutions.  This  article  includes  the  results  of  investigations  and 
obsenrations  made  by  the  New  Jersey  stations  under  the  supervision 
of  the  author,  as  well  as  of  those  made  at  other  experiment  stations 
and  elsewhere.  The  publication  of  this  article  as  a  Farmers'  Bulletin 
is  respectfully  recommended. 
Eesi)ectfully, 

A.  O.  True, 

Director, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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TOMATO  GROWING. 


IHTEODUGTIOV. 

Tbe  tomato  is  adapted  to  a  wide  variety  of  uses  in  the  household.  It 
is  easily  grown  as  a  general  crop,  bears  shipping  well,  and  can  be  pro- 
vided throughout  a  long  season.  For  these  reasons,  among  others,  it 
has  come  to  be  one  of  our  most  important  vegetable  crops.  The  method 
of  culture  varies  with  the  object  or  purpose  of  the  crop.  The  latter  is 
usually  classified  as  follows:  (1)  For  early  market,  (2)  for  the  medium 
and  late  market,  and  (3)  for  the  cannery.  To  these  should  be  added  the 
greenhouse  crop,  which  is  beginning  to  assume  considerable  importance 
in  some  localities.  The  tomato  is  most  important  as  an  early  market 
crop,  probably  exceeding  in  value  any  other  one  crop,  particularly  in 
the  Middle  and  Southern  Coast  States  and  in  the  market-garden  regions 
near  all  large  cities.  In  the  past  the  States  of  largest  production  have 
been  New  Jersey  and  Maryland,  while  in  recent  years  the  crop  has 
become  a  prominent  one  in  the  Southern  Coast  States — Florida,  Geor- 
gia, the  Carolinas,  and  Virginia,  the  first  of  which  begins  to  supply 
the  markets  in  February.  Thus  a  continuous  supply  is  provided  from 
the  field  from  that  date  until  late  in  the  autumn.  Statistics  as  to  tbe 
total  areas  grown  are  not  available,  although  for  New  Jersey  the  data 
gathered  indicate  that  at  least  2,500  acres  are  devoted  to  tbe  early 
market  crop,  yielding  on  the  average  300  five-eighth  bushel  baskets, 
each  weighing  40  pounds,  or  a  total  crop  of  6  tons  per  acre.  The  gross 
price  per  basket  ranged  from  25  cents  to  $2. 

The  area  devoted  to  the  medium  and  late  market  crop  in  the  Middle 
States,  though  not  so  large,  is  very  considerable,  and  the  prices  received 
are  relatively  lower,  although  it  is  regarded  as  a  profitable  crop. 

The  tomato  is  grown  more  largely  for  canning  than  any  other  vege- 
table used  for  this  purpose.  The  total  annual  pack  of  the  entire  coun- 
try now  averages  nearly  5,500,000  cases  of  24  cans  each,  and  the  area 
required  to  supply  the  canneries  is  estimated  to  exceed  300,000  acres. 
The  bulk  of  the  crop  for  this  purpose  is,  however,  grown  in  a  few 
States,  Maryland  leading,  with  over  1,000,000  cases,  and  New  Jersey 
following,  with  from  500,000  to  700,000  cases.  The  four  States,  Mary- 
land, New  Jersey,  Indiana,  and  California,  produce  about  three-quar- 
ters of  the  entire  pack,  and  New  Jersey  and  Maryland  produce  nearly 
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one-half.  The  other  States  of  considerable  production  are,  in  their  order, 
Delaware,  Missouri,  Ohio,  Virginia,  and  Iowa.  It  is  thus  observed  that 
this  crop  is  adapted  to  a  wide  area  and  is  an  industry  of  very  consid- 
erable importance  in  a  few  of  the  States. 

The  discussion  of  the  culture  of  this  crop  will  follow  the  classifica- 
tion already  suggested,  except  where  methods  practically  coincide  in 
the  different  classes. 

FOB  THE  EAELY  MARKET. 

While  the  great  development  of  the  greenhouse  industry  enables  the 
consumer  to  secure  tomatoes  throughout  the  entire  year,  those  grown 
in  the  open  field  reach  the  Northern  markets  from  Florida  about  the 
first  of  February  and  are  followed  by  supplies  from  States  farther  north 
until  about  the  middle  or  latter  part  of  June,  when  they  begin  to  come 
from  Maryland,  Delaware,  l^ew  Jersey,  and  New  York  (Long  Island), 
localities  within  the  immediate  vicinity  of  the  large  cities — ^New  York, 
Philadelphia,  and  Boston.  Inasmuch  as  the  bulk  of  the  early  tomatoes, 
so  called,  are  from  these  latter  States,  the  consideration  of  methods  will 
apply  mainly  to  the  crop  as  grown  in  those  States,  though  the  sugges- 
tions as  to  the  general  methods  of  culture  apply  quite  as  well  to  other 
localities. 

SELECTION  OF  VARIETIES. 

The  first  point  of  importance  in  the  successful  growing  of  the  tomato 
crop  is  the  selection  of  varieties,  and  while  a  number  are  recommended 
by  seedsmen  as  the  "best,"  no  one  variety  fulfills  the  idea  of  "best'' 
for  all  localities.  This  is  mainly  owing  to  differences  in  the  climate, 
season,  and  character  of  the  soil,  as  well  as  the  demands  of  the  different 
markets.  Hence  the  right  selection  is  a  matter  which  rests  largely 
with  the  individual  grower.  He  must  determine  for  himself  which  is 
the  best  for  his  conditions.  The  best  early  varieties,  owing  to  the  com- 
paratively short  time  during  which  attention  has  been  given  to  the 
matter  of  their  development,  doubtless  belong  to  the  same  strain.  The 
following-named  varieties  all  possess  one  or  more  valuable  character- 
istics, and  in  many  cases  but  little  difference  is  observed  in  them 
either  as  to  quality  or  earliness.  From  this  list  varieties  most  suitable 
for  the  different  localities  may  be  selected.  The  order  in  which  they 
are  named  has  no  particular  significance: 

List  of  more  important  varieties  of  tomatoes. 


Liyingston  Beauty. 

Early  Rnby. 

Atlantic  Prize. 

Dwarf  Cbampion. 

New  Stone. 

Fordhook. 

Manle  Imperial. 

Early  Jersey. 

Acme. 

Extra  Early  Richmond. 

Matchless. 

Table  Queen. 

Improved  lYophy. 

Perfection. 

Stone. 

Mikado. 

Trucker  Favorite. 

The  chief  difficulty  in  the  matter  of  varieties  is  that  the  earlier  sorts 
as  a  rule  do  not  possess  the  best  market  qualities — that  is,  solidity  of 
^^4h  and  smoothness.    They  are  too  frequently  irregular  in  outline  and 
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possess-large  seed  cavities.  The  peculiar  demands  of  the  market,  too, 
shoald  be  considered,  for,  while  in  all  markets  the  quality  as  above 
defined  measures,  as  a  rule,  the  price  received,  certain  marketn  demand 
characteristics,  such  as  color  and  shape,  to  a  greater  degree  than  others. 
Certain  consumers  are  very  strenuous  in  the  matter  of  color.  Tke 
pun^lish-tinted  varieties,  which  are  claimed  to  be  sweeter,  bring  a  much 
higher  price  in  some  markets  than  those  of  a  bright  red  color,  while  in 
other  markets  the  bright  reds  lead  and  the  former  are  not  so  eagerly 
sought.  Hence,  as  already  stated,  the  question  of  variety  is  to  be 
determined  largely  by  the  grower,  and  the  best  growers  as  a  rule  aim 
to  grow  and  improve  that  variety  which  does  best  under  his  conditions — 
that  is,  he  does  not  depend  altogether  u{)on  seedsmen,  but  selects  and 
saves  seed  of  the  particular  variety  which  fulfills  his  aim  as  to  earliness, 
vigor,  habit  of  growth,  size,  color,  and  form.  He  selects  his  seed  from 
the  first  ripening  fruit  upon  strong  and  vigorous  plants,  and  though 
this  method  is  expensive,  it  is  believed  by  those  who  practice  it  that 
the  gain  in  earliness,  yield,  and  quality  of  the  fruit  the  ensuing  season 
more  than  balances  the  extra  cost.  One  or  two  days'  gain  in  the 
earliness  of  finer-quality  tomatoes  frequently  makes  a  difference  in 
the  market  price  of  from  50  cents  to  $1  per  basket. 

GRO^wnra  the  pi.aiit8. 

In  the  growing  of  early  tomatoes  the  proper  kind  of  plant  exerts  a 
great  influence  upon  the  product,  and  too  much  stress  can  not  be  laid 
on  the  necessity  of  giving  close  attention  to  the  little  matters  of  detail 
which  to  an  ordinary  observer  are  apparently  of  no  consequence.  Suc- 
cess with  this  crop  requires  that  not  a  single  point  should  be  neglected 
in  the  growing  of  the  plants.  The  aim  is  to  anticipate  nature,  to  get 
ahead  of  her  in  all  points,  and  hence  all  of  the  operations  necessary  to 
this  end  must  be  executed  with  intelligence  and  promptness  and  with 
the  greatest  care.  All  conditions  should  be  made  favorable  for  rapid 
germination  of  the  seed  and  the  quick,  healthful  growth  of  the  plant 
from  the  time  the  seed  is  planted  until  the  crop  is  harvested. 

The  tomato  is  a  plant  that  revels  in  high  temperature,  and  is  not 
only  retarded  in  growth,  but  is  injured  by  a  low  temperature  during 
its  early  growth.  From  60^  to  80°  are  the  limits  of  temperature  range ; 
hence  the  first  desideratum  is  that  the  plants  for  early  fruiting  shall 
be  grown  either  in  a  hothouse  or  in  the  hotbed,  where  the  temperature 
can  be  controlled.  The  house  is  preferred  by  many,  though  both  methods 
are  very  successfully  used. 

The  seed  should  be  planted  any  time  from  the  middle  to  the  latter 
part  of  February  in  the  Middle  States,  and  in  the  other  States  earlier 
or  later,  according  to  the  locality.  If  grown  in  the  house,  they  should 
be  planted  in  a  fertile  soil  and  one  that  will  not  bake  or  crust.  An  abun- 
dance of  vegetable  matter  is  desirable.  Lines  are  marked  out  in  the 
bed  6  inches  apart,  and  not  over  one-half  inch  iu  depth,  and  the  seed 
distributed  in  the  rows,  averaging,  as  nearly  as  possible,  four  to  the  inch. 


Digitized  by  VjOOQ IC 


10 

If  planted  thicker,  the  seedlings  should  be  thinned  to  this  distance  after 
they  are  up,  and  in  no  case  should  they  be  left  to  stand  any  thicker  if 
good,  strong,  healthy,  stout,  and  stubby  plants  are  desired.  With  good 
soil  and  with  proper  attention  the  seedlings  should  appear  in  from 
eight  to  ten  days.  When  the  seedlings  are  well  up,  the  treatment 
should  be  such  as  to  prevent  long  and  spindling  growth,  which  is 
frequently  caused  by  an  oversupply  of  water  and  too  high  temperature. 
Careless  watering  may  also  result  in  damping  off  and  in  a  too  soft  and 
succulent  growth.  It  is  better  for  the  plants  to  have  too  little  rather 
than  too  much  water.  If  the  seedlings  have  been  properly  cared  for, 
they  should  be  ready  for  transplanting  in  about  a  month  or  six  weeka. 

Many  persons  now  use  for  this  purpose  the  cheap  plant  boxes,  6  by  6 
by  5  inches,  in  the  house,  rather  than  to  transfer  to  a  cold  frame.  In 
putting  the  plants  in  the  boxes  one  man  tills  each  box  about  half  full 
of  a  compost  made  up  preferably  of  an  even  mixture  of  horse  and  cow 
manure,  to  which  is  added  for  each  ton  ail  equivalent  of  from  20  to  25 
pounds  of  nitrogen  in  the  form  of  dried  blood,  tankage,  or  cotton  seed 
meal,  and  then  passes  the  box  to  another  man,  who  tills  the  remaining 
space  with  any  good  soil — that  from  the  bench  in  the  greenhouse  answers 
the  purpose — and  the  box  is  then  placed  upon  the  bench  in  the  green- 
house. From  this  time  on  the  plants  should  be  well  watered  and  the 
temperature  kept  at  from  60^  to  75^  F.  in  the  daytime  and  not  lower 
than  50O  at  night,  with  proper  ventilation  as  needed. 

If  these  conditions  are  carefully  complied  with,  the  plants  will  be 
'  strong  and  healthy. 

In  growing  the  plants  in  a  hotbed,  fresh  stable  manure  is  put  in  to 
a  depth  of  18  inches.  This  is  covered  with  5  inches  of  good  soil,  and  the 
seeds  sown  as  described.  When  the  plants  have  made  four  large 
leaves  and  are  beginning  to  develop,  which  usually  requires  about  a 
month  or  six  weeks,  they  are  ready  for  transplanting,  though  the  work 
should  be  done  only  when  the  weather  conditions  are  favorable,  and 
by  a  careful  person.  It  should  not  be  done  on  cold  or  stormy  days,  nor 
by  a  x>erson  who  does  not  understand  the  work. 

In  making  the  cold  frames  two  important  points  should  be  observed: 
(1)  They  should  have  a  pitch  of  about  6  inches,  in  order  to  carry  off  the 
water,  and  (2)  the  soil  should  be  well  manured,  say  a  ton  of  stable 
manure  to^  twenty  3-by-6-feet  sashes.  This  length  of  bed  is  very  desir- 
able, as  there  are  no  comers  and  no  crosspieces  to  obstruct  the  light. 
After  the  manure  is  in,  care  should  be  taken  to  make  it  perfectly  smooth, 
so  that  the  depth  of  soil  (about  5  inches)  may  be  uniform,  as  different 
depths  of  soil  will  cause  a  variable  growth  and  a  larger  proportion  of 
poorer  plants,  besides  making  the  bed  very  uneven.  The  soil  should 
be  raked  down  level,  the  sash  put  on,  and  the  bed  allowed  to  remain 
at  least  two  days  to  settle  and  become  warm  before  the  plants  are 
introduced.  When  the  plants  are  ready  to  be  set,  the  bed  should  be 
stirred  to  destroy  any  weed  seeds,  and  then  marked  off  in  checks  4  or, 
preferably,  5  inches  each  way. 
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After  the  plants  are  placed  in  the  bed  their  subsequent  development 
will  depend  very  largely  upon  the  care  given  to  them.  In  a  general 
way  the  main  precautions  to  be  observed  are :  Not  to  keep  the  plants 
too  warm,  and  to  give  them  air  and  water  when  necessary.  Too  little 
air  and  too  much  water  have  a  tendency  to  make  tender  plants, 
although,  on  the  other  hand,  if  given  too  little  water  they  are  retarded 
in  their  growth  and  seem  never  to  be  able  to  recover  from  the  check. 

When  the  weather  becomes  warm,  the  sashes  should  be  entirely 
removed  on  clear  days,  in  order  that  the  plants  may  be  gradually 
hardened  for  setting  in  the  open  field.  It  is  desirable  to  allow  the 
beds  to  be  entirely  open  all  night  a  few  times  previous  to  setting.  If 
proper  attention  is  given  to  the  plants  during  this  critical  period,  they 
should  be  ready  for  the  field  from  the  1st  to  the  10th  of  May.  They 
should  be  from  12  to  15  inches  in  height,  with  strong,  well-fibered 
stalks  as  thick  as  the  finger,  with  a  number  of  crown  blossoms  and 
numerous  side  branches. 

SELBCnON  AND  PREPARATION  OF  THE  SOIL. 

While  the  tomato  is  adapted  to  a  wide  variety  of  soils,  it  must  be 
remembered  that  the  aim  here  is  early  maturity;  hence  a  too  fertile 
soil,  or  one  in  which  the  fertility  is  widely  distributed,  and  which  is 
desirable  where  a  general  crop  is  grown,  is  to  be  avoided,  since  such 
soils  tend  to  produce  a  too  rapid  and  too  large  growth  of  vine,  thus 
partially  defeatijig  the  purpose  in  view,  namely,  a  quick  growth  of 
plant  and  a  rapid  development  of  fruit.  The  active  fertilizing  matter 
should  be  concentrated  within  the  immediate  reach  of  the  roots.  A 
soil  not  naturally  very  poor,  in  which  the  added  fertility  may  be  pro- 
vided, both  as  to  place  and  time,  as  will  best  serve  the  purpose,  is  most 
desirable.  A  light,  sandy  loam,  high  and  well  drained,  is  perhaps  the 
ideal  for  early  tomatoes,  provided  the  proper  nourishment  is  given  from 
artificial  sources. 

The  previous  treatment  of  the  soil  should  be  such  as  to  free  it  from 
weeds  and  to  leave  it  in  a  thoroughly  friable  condition.  A  crop  of  corn, 
potatoes,  sweet  potatoes,  or  melons  is  better  to  precede  tomatoes  than 
a  hay  crop.  A  clover  or  timothy  sod,  or  a  green  crop,  such  as  rye,  may, 
however,  precede,  provided  it  is  plowed  either  in  fall  or  very  early  in 
spring  in  time  to  permit  of  a  thorough  mellowing  by  cultivation  before 
the  plants  are  set.  After  this  preparation  the  usual  practice  is  to  open 
furrows  4J  feet  each  way,  throwing  the  dirt  both  ways,  and  leaving  a 
furrow  at  least  8  inches  deep  and  10  inches  wide  at  the  bottom. 

SETTING  THE  PLANTS. 

The  setting  in  the  field  should  not  begin  until  the  weather  is  settled. 
A  warm,  bright  day  should  be  selected,  and  the  work  pushed  as  rapidly 
as  possible.  If  set  on  a  cold^  dark  day,  the  beginning  of  growth  will 
not  only  be  greatly  retarded,  but  the  early  settings  are  liable  to  be 
blasted.    The  plants  should  in  all  cases  be  thoroughly  watered  in  order 
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to  obviate  as  far  as  possible  auy  bad  effect  from  immediate  drought  or 
hot  weather.  If  the  plants  have  been  grown  in  boxes,  the  operation  of 
planting  may  be  carried  on  as  follows: 

For  carting  to  the  field,  a  low-wheeled  wagon  lengthened  to  16  feet 
on  which  a  plank  is  placed  which  will  carry  about  225  plants,  is  very 
convenient.  When  in  the  field  boys  carry  the  boxes  and  set  them  by 
the  hills ;  two  men  follow,  take  the  boxes  in  hand  and  turn  out  the  block 
of  earth  with  the  plant.  If  manure  has  been  used  in  the  hill,  this  is 
divided  and  the  plant  placed  in  it  and  surroui^ded  by  the  manure. 
Another  man  follows  with  a  hoe  and  draws  the  loose  soil  from  both 
sides  of  the  furrow  around  the  plant,  and  presses  it  firmly  with  his  feet. 

Plants  thus  set  rarely  wilt  or  feel  the  effects  of  the  setting,  and  start 
at  once  into  new  life  and  vigor  of  growth.  If  the  conditions  are  favor- 
able, new  roots  will  be  formed  in  forty-eight  hours. 

If  the  plants  have  been  grown  in  cold  frames,  they  are  cut  in  blocks, 
say  of  from  four  to  six  plants,  and  lifted  with  a  fork  and  set  in  the 
wagon,  the  same  as  in  the  bed.  When  the  field  is  reached,  each  plant 
is  cut  out  singly  and  set  in  the  hill  with  all  the  soil  adhering  to  the 
roots.    The  setting  is  done  as  in  the  former  case. 

MANURES  AND  FERTILIZERS. 

The  feeding  of  the  tomato,  as  generally  practiced,  is  accomplished  in 
three  ways,  all  of  which  are  good — the  cost  of  labor  and  manure  usually 
determining  the  method  used:  (I)  By  means  of  farm  manures;  (2)  by 
farm  manures  and  commercial  fertilizers,  and  (3)  by  commercial  fertili- 
zers alone.  When  manures  only  are  used,  they  are  usually  spread 
broadcast  upon  the  soil  in  the  fall  or  winter,  not  later  than  February  or 
March,  and  thoroughly  worked  in  previous  to  putting  out  the  plants, 
and  at  the  time  of  setting  a  small  shovelful  of  manure  is  placed  in  each 
hill.  This  method  works  well,  though  on  soils  reasonably  rich  the  tend- 
ency is  to  cause  too  vigorous  a  growth  of  vine,  and  thus  retard  the 
maturity  of  the  fruit.  Where  manures  and  fertilizers  are  used,  the 
manures  are  usually  applied  in  the  hill,  and  the  fertilizers  are  used  both 
at  the  time  of  setting  and  again  after  the  growth  of  the  plants  has  well 
started.  Where  fertilizers  only  are  used,  they  are  applied  around  the 
plants  in  small  quantities  at  the  time  of  setting,  and  again  in  larger 
quantities  after  the  plants  have  well  started. 

The  imj  ression  is  quite  prevalent  that  the  tomato  does  not  require 
heavy  manuring.  Experiments  that  have  been  conducted  at  a  number 
of  experiment  stations  ^  show  that  the  tomato  is  a  plant  that  quickly 
and  profitably  responds  to  the  use  of  manures  or  fertilizers,  and  that 
the  maturity  and  yield  are  very  largely  influenced  by  the  method  of 
manuring  and  fertilizing.    Experiments  conducted  by  the  New  Jersey 


iNew  York  State  Sta.  Buls.  21  and  32;  Georgia  Sta.  Hnl.  17;  Maryland  Sta.  Rpt. 
1891;  ViTj^niaSta.  Bui.  11;  New  Jersey  Stas.  Bal.  79,  Special  BuUetin  O,  Hpt.  1892, 
and  Bolletm  136. 
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Station  upon  three  farms,  located  iu  dift'ereut  parts  of  the  State,  and 
daring  four  seasons,  to  test  the  effect  on  maturity  and  yield  of  nitrate 
of  soda  in  different  quantities  and  at  different  times,  both  with  and 
withont  the  mineral  elements,  phosphoric  acid  and  potash,  in  compari- 
son with  barnyard  mannre,  showed  (1)  that  nitrate  of  soda  was  one  of 
the  best  nitrogenous  fertilizers  for  this  crop,  and  that  its  use  in  small 
quantities  (160  pounds)  per  acre  in  one  application,  or  in  large  quan- 
tities (320  pounds)  in  two  applications  increased  the  yield  materially, 
but  not  at  the  expense  of  maturity,  and  that  this  was  equally  true 
when  used  alone  and  when  used  in  connection  with  phosphoric  acid 
and  potash ;  (2)  that  nitrate  of  soda,  when  used  in  large  quantities  (320 
pounds  in  one  application)  in  the  presence  of  a  sufficient  excess  of  phos- 
phoric acid  and  potash,  did  increase  the  yield,  but  at  the  expense  of 
maturity,  and  (3)  that  when  properly  used  nitrate  of  soda  was  a  prof- 
itable fertilizer  for  the  crop.  This  latter  point  is  strikiugly  shown  in 
the  following  tabulation  of  the  value  per  acre  of  the  increased  yield : 

Value  per  acre  of  the  imcreased  ifield  of  tomatoes  due  to  use  of  fertilizers. 


Fertilizers  per  acre. 


Gronpl,  160  ponnds  nitrate  of  soda 

Group  2,  160  ooiinds  nitrate  of  soda,  320  pounds  bone  black 

snperpbospnate,  and  160  pounds  muriate  of  potash 

Groups,  320  pounds  nitrate  of  soda 

Group  4.  320  pounds  nitrate  of  soda,  320  pounds  bone  black 

nuperpbosphate,  and  160  pounds  muriate  of  potash 

Minerals  alone,  320  pounds  Done  black  superpnosphate  and 

I6U  pounds  muriate  of  potash 

Barnyard  manure,  20  tons 


Aver- 

1889. 

1890. 

1801. 

1892. 

aeeof 

four 

years. 

$50.80 

$28.80 

$79.60 

$35.40 

$50.90 

55.40 
51.20 

12.80 

17.80 

60;  20 
37.80 

40.80 
50.80 

43.30 
39.40 

47.00 

9.80 

10.00 

33.00        20.05 

32.40 
11.80 

2.80 
21.40 

61.20 
16.40 

34.20  ,      32.65 
40.00  !      23.40 

The  effect  on  total  yield  of  the  use  of  nitrate  of  soda  alone  and  in 

combination  with  mineral  elements,  as  compared  with  barnyard  manure, 

is  also  shown  in  the  accompanying  tabulation,  iu  which  the  yield  of 

the  different  fertilizers  is  compared  with  the  unfertilized  land,  which  is 

.represented  by  100: 

Comparative  yields  of  tomatoes  for  four  years,  the  yUld  on  unfertilized  plats  being  taken 

as  100, 


Fertilisers  used. 


Comparative  yield. 


1880.    1890.    1891.    1892. 


Plat  1.  no  fertilizer 100 

riat2,  nitrate  of  soda  alone,  100  pounds  per  acre 183 

Plat  3,  nitrate  of  soda  alone,  160  pounds  i>er  acre '    139 

182 
136 
105 
131 
154 
145 
158 
107 


Plat  4,  nitrate  of  soda  alone,  320  pounds  per  acre 
Plat  5,  nitrate  of  soda  alone,  320  pounds  per  acre 

Plat  6,  minerals  containing  phosphoric  acid  and  potash  only 

Plat  7,  nitrate  of  soda,  160  pounds  per  acre,  and  minerals  a.H  in  platO. 
Plat  8,  nitrate  of  soda,  160  pounds  per  acre,  and  minerals  as  in  plat  6. 
Plat  0,  nitrate  of  soda,  320  pounds  per  acre,  and  minorals  aH  in  plat6. 
Plat  10,  nitrate  of  soda,  320  pounds  per  acre,  and  minerals  as  in  plat  6. 

Flat  II,  barnyard  manure,  20  tons  per  acre 

Plat  12,  no  fertilizer I    100 


100 
133 
152 
151 
142 
121 
126 
138 
149 
147 
120 
100 


100 

154  I 

l^\ 

177 

163 

120 

16U 

161 

161 

159 

113 

100 


100 
142 
139 
150 
163 
131 
159 
140 
149 
147 
153 
100 


Avor- 

ase  fur 

four 

years. 

100 
141 
146 
153 
153 
119 
144 
148 
151 
163 
123 
100 
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A  study  of  these  yields  shows  that  nitrate  of  soda  was  superior  to 
both  barnyard  manure  and  mineral  fertilizers  alone,  and  that  nitrate  of 
soda  alone  was,  on  the  whole,  but  slightly  less  efiective  than  the  com- 
plete fertilizers. 

These  results  have  been  confirmed  both  by  the  experiments  of  the 
stations  referred  to  and  also  in  actual  practice  on  soils  similar  in  char- 
acter, namely,  those  which  were  well  adapted  for  the  early  tomato — 
light,  well -drained,  sandy  loams — which  had  been  previously  well 
manured  for  crops  entering  in  the  rotation.  The  results  do  not  apply 
in  the  case  of  very  poor  soils,  or  upon  heavy  clays,  which  are  not 
adapted  to  the  early  crop.  The  statement  that  it  pays  to  fertilize  early 
tomatoes  and  that  nitrate  of  soda  is  one  of  the  best  nitrogenous  fertil- 
izers for  the  crop  is  true,  though  modified  always  by  the  condition  of 
soil  and  the  purpose  of  growth.  A  scheme  of  fertilizing  for  early 
tomatoes  is  here  outlined,  which,  when  the  conditions  are  observed, 
will  be  likely  to  give  as  good  returns  if  not  better  than  any  other. 

For  example,  on  soils  which  have  been  well  supplied  with  the  min- 
eral elements,  phosphoric  acid  and  potash,  by  previous  manuring  or 
fertilizing,  a  fertilizer  very  rich  in  nitrogen  (in  the  form  of  nitrate) 
and  low  percentages  of  phosphoric  ai^id  and  potash,  should  be  used. 
The  fertilizer  applied  at  the  time  of  setting  the  plant  should  furnish 
nitrogen  equivalent  to  from  80  to  100  pounds  of  nitrate  of  soda  (13  to 
16  pounds  of  nitrogen),  and  a  second  application  of  an  equivalent 
amount  should  be  made  from  three  to  four  weeks  later.  A  single  appli- 
cation of  the  amounts  here  suggested,  at  the  time  of  setting  the  plants, 
would,  under  good  seasonal  conditions,  give  quite  as  good  results  as 
a  fractional  application,  although,  if  larger  quantities  are  used,  two 
applications  would  be  better,  since  the  nitrate  is  extremely  soluble  and 
if  applied  in  large  amounts  at  one  time  loss  of  nitrogen  by  leaching 
might  occur  in  certain  cases,  resulting  in  a  deficiency  of  food,  and  thus 
preventing  the  normal  development  of  both  plant  and  iruit. 

On  soils  that  possess  only  good  mechanical  condition,  and  are  very 
poor  in  plant  food,  a  heavier  application  of  both  nitrogen  and  the  min- 
eral elements  will  be  required,  in  which  case  the  following  plan  of 
fertilizing  is  recommended : 

Previous  to  setting  the  plants,  or  at  the  time  that  they  are  set,  apply 
600  pounds  per  acre  of  a  mixture  of  400  pounds  of  acid  phosphate  and 
200  pounds  of  muriate  of  potash,  and  thoroughly  harrow  or  cultivate 
into  the  soil,  and  at  the  time  of  setting  apply  around  the  hill  100  to  150 
pounds  per  acre  of  nitrate  of  soda. 

Three  to  four  weeks  later,  make  another  application  of  from  100  to 
150  pounds  per  acre  of  nitrate  of  soda.  Owing  to  the  small  bulk  of  the 
nitrate.  It  should  be  mixed  with  dry  soil  or  sawdust  in  order  to  insure 
even  distribution,  the  only  precaution  to  observe  is  to  prevent  its 
immediate  contact  with  the  plant  roots. 

This  method  possesses  two  advantages,  (1)  the  plant  is  provided  with 
nitrogen  in  an  immediately  available  form  at  the  time  when  it  is  needed, 
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namely,  when  it  is  set  in  the  field,  and  thus  no  delay  in  growth  is 
caused,  and  because  of  the  presence  of  the  mineral  elements  either  in 
the  soil  or  in  the  fertilizer  applied  no  excessive  growth  of  vine  is 
encouraged  by  the  use  of  the  nitrate,  as  would  be  the  case  were  the 
mineral  elements  absent;  (2)  the  nitrate  is  applied  around  the  plant 
within  the  immediate  reach  of  its  roots,  and  since  it  is  all  in  an  imme- 
diately available  form,  which  may  be  used  up  rapidly,  the  tendency 
to  late  plant  growth,  a  result  of  a  continuous  supply  of  nitrogen,  is  not 
encouraged,  and  a  normal  and  rapid  growth  and  development  of  fruit 
results. 

It  is  not  claimed  that  by  this  method  of  fertilizing  maturity  is  has- 
tened in  the  sense  that  the  date  of  the  first  picking  is  earlier,  but  that  a 
larger  number  of  fruit  is  picked  earlier.  It  was  not  shown  in  any  of 
the  experiments  that  the  date  of  picking  was  earlier  by  virtue  of  the 
nitrate;  in  fact,  the  earliest  tomatoes  were  picked  upon  land  where  the 
minerals  only  had  been  applied.  The  yield  here,  however,  was  not 
satisfactory,  but  where  nitrate  was  applied  the  crop  was  so  greatly 
increased  that  a  larger  proiK>rtion  of  early  tomatoes  was  secured.  It 
is  obvious  that  inasmuch  as  the  price  of  the  fruit  rapidly  declines  as 
the  season  advances,  receipts  will  be  materially  increased  by  the 
increased  crop  of  earlier  fruits. 

Where  it  is  desirable  to  use  yard  manures  with  fertilizers,  because 
of  the  abundance  and  cheapness  of  the  former,  they  should  be  applied 
broadcast,  and  the  nitrate  applied  at  the  time  of  setting  the  plants,  as 
already  described,  rather  than  both  in  the  hill  together,  as  the  tendency 
in  the  latter  case  would  be  to  cause  a  loss  of  nitrogen  from  the  nitrate, 
depending  upon  the  amount  of  organic  matter  in  the  manures.  That 
is,  both  experiments  and  experience  have  shown  that  manures  will, 
under  these  circumstances,  cause  more  or  less  of  the  nitrogen  of  the 
nitrate  to  escape  as  gas.  Another  precaution  to  observe  in  the  use  of 
yard  manures  for  early  tomatoes  is,  not  to  use  too  large  quantities,  as 
they  are  virtually  nitrogenous  manures,  which,  because  of  their  charac- 
ter, feed  the  plant  in  proportion  to  their  rate  of  decay,  hence  the  pres- 
ence of  large  quantities  will  encourage  not  only  an  undue  growth  of 
plant,  but  a  late  growth  as  well. 

The  mineral  fertilizers,  such  as  acid  phosphate  and  muriate  of  potash, 
can  be  used  with  the  yard  manure  with  i)erfect  safety,  in  fact  with  great 
advantage,  because  supplementing  its  lack  of  the  mineral  constituents. 

CTUliTIVATION  OF  THE  CROP. 

Cultivation  of  the  soil  should  begin  the  next  day  after  setting  the 
plants,  in  order  to  counteract  the  effects  of  the  treading  and  packing  of 
the  soil  due  to  the  setting,  and  thus  to  aid  in  warming  up  the  soil  and 
to  prevent  a  too  rapid  evaporation  of  water.  The  crop  should  be  cul- 
tivated after  every  rain,  and  should  no  rain  fall  for  a  ('X)nsiderable  time 
it  should  be  cultivated  every  week  until  the  vines  fall,  when  the  plants 
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can  take  care  of  themselves.  The  chief  object  in  cultivation  here  is  to 
rid  the  land  of  weeds,  to  conserve  moisture,  and  to  keep  the  surface 
soil  warm.  Any  more  frequent  cultivation  for  the  sake  of  furnishing 
plant  food  is  not  desirable  when  the  feililizing  has  been  carried  out  as 
suggested. 

TIELD  PER  ACRE. 

Plants  handled  and  fertilized  in  the  manner  described  should  pro- 
duce ripe  fruit  in  flrom  five  to  six  weeks.  In  New  Jersey  the  picking 
is  usually  completed  early  in  August,  though  much,  of  course,  depends 
upon  the  variety  in  this  regard,  and  also  upon  the  weather  conditions 
at  the  time  of  the  first  setting  of  the  Iruit.  If  the  weather  is  bad,  then 
the  main  crop  must  be  derived  from  the  second  setting,  which  will 
lengthen  the  period  of  picking.  The  yield  per  acre  also  varies  widely, 
due  both  to  variety  and  weather  conditions.  Some  varieties  may  be 
regarded  as  shy  bearers,  while  others  are  very  prolific.  In  certain  sea- 
sons the  weather  is  favorable  for  the  crop,  warm  and  dry  at  the  right 
time;  in  others,  unfavorable,  cold,  wet,  and  backward. 

A  good  average  yield  on  land  well  adapted  to  the  crop,  and  when  the 
conditions  are  favorable,  is  about  260  bushels,  though  the  yield  may 
range  from  100  to  500  bushels  per  acre.  Tomatoes  are  not,  however, 
sold  by  the  bushel,  but  by  the  basket  or  crate,  the  basket  holding,  as 
a  rule,  five-eighths  of  a  bushel,  and  the  crate  thre«- fourths  of  a  busheL 

GROSS  AND  NET  RECEIPTS. 

The  gross  receipts  from  good  growers  average  about  $200  per  acre, 
though  the  range,  as  heretofore  indicated,  will  be  from  $100  to  $500, 
the  receipts  per  basket  or  per  crate  depending  somewhat  upon  the 
season.  In  seasons  of  large  production  the  price  per  package  will  be 
lower,  and  in  the  season  of  small  production  the  price  per  package  will 
be  higher,  makiug  the  gross  receipts  about  the  same,  though  the  net 
receipts  vary  according  to  these  circumstances,*  chiefly  because  of  the 
larger  amount  of  labor  involved  in  the  larger  crop  and  the  increased 
charges  for  freight  rates  and  cartage. 

The  net  receipts  or  profits  in  the  growing  of  tomatoes,  as  will  be 
observed  from  the  preceding  statement,  will  depend  upon  the  care  and 
judgment  exercised  in  all  of  the  various  steps  that  have  been  men- 
tioned, though  too  great  stress  can  not  be  laid  upon  the  necessity  of 
extreme  care  in  growing  the  plants.  It  is  on  this,  other  things  being 
equal,  that  the  profit  hinges,  for  without  a  good  plant  a  good  crop  can 
not  be  expected  unless  the  other  conditions  are  unusually  favorable. 
In  the  handling  and  marketing  of  the  crop  much  depends  upon  the 
care  used  in  carting  and  packing.  It  does  not  pay  to  send  poor  stock 
to  market,  though,  as  already  stated,  the  earlier  varieties  are  not,  as  a 
rule,  of  as  high  quality  as  thdse  produced  later — the  quality  being 
determined  by  color,  shape,  and  solidity.  Tomatoes  partially  green,  or 
those  which  are  intermixed  with  rough  specimens,  and  those  containing 
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a  considerable  proportion  of  smaller  or  overripe  fmit  do  not  bring  the 
highest  price  in  the  market,  and  the  tendency  of  snch  stock  is  to  reduce 
the  consamption  and  hence  the  price  of  the  good  product. 

Estimates  of  exx>en8es  per  acre  by  experienced  growers  in  New  Jersey 
are  as  follows: 

Co$i  of  growing  tamatoea  in  ^ew  Jer§ey, 

Cost  of  plants,  at  $15  per  M $32.00 

Preparation  of  land,  setting  of  plants,  and  cultiTation 9. 00 

Manures  and  fertilizers' 27.50 

Picking  and  carting  to  depot 20.00 

Total : 88.50 

The  rent  of  land,  which  would  vary  from  $6  to  $15  per  acre,  and 
the  freight,  cartage,  and  commission,  which  are  variable  factors,  are 
not  included  in  this  estimate. 

MBDIUM-EAELY  AVD  LATE  CB0P8. 

The  medium-early  and  late  crops  of  tomatoes  may  follow  after  peas, 
early  radishes,  spinach,  and  crops  of  that  sort,  and  since  they  may  be 
set  in  the  field  later,  less  expense  is  necessary  in  the  growing  of  the 
plants,  though  for  good,  strong  plants,  the  seed  should  be  planted 
early  in  March  in  the  States  of  largest  production.  The  seed  may 
be  sown  in  a  well-prepared  bed,  in  rows  6  inches  apart,  the  seeds 
ifiveraging  about  four  to  the  inch  in  the  row.  With  good  condi- 
tions and  care,  the  plants  should  be  well  developed  early  in  May,  and 
they  should  then  be  transferred  to  a  cold  frame,  prepared  as  for  the 
early  sorts.  In  transferring  the  plants  as  much  root  as  i>o8sible  should 
be  saved.  Owing  to  the  advanced  season,  the  danger  of  frost  being 
past,  the  sashes  may  be  taken  off  and  the  plants  left  to  the  natural 
climatic  conditions,  preparatory  to  setting  in  the  field,  which  may  take 
place  early  in  June. 

son.  AND  BCANX7RES. 

The  soils  best  adapted  for  these  crops,  as  for  the  very  early,  are  well- 
drained,  sandy  loams,  although,  as  the  object  of  the  growth  is  different, 
those  richer  in  natural  fertility  are  ])referred. 

While  it  is  desirable,  as  in  the  case  of  the  early  tomatoes,- to  hasten 
growth,  and  to  encourage  continuous  growth,  the  soil  should  be  well 
pre])ared  and  quick-acting  fertilizer  applied,  though  the  amount  may  be 
reduced  at  least  one-half  (preferably  omitting  the  second  application), 
particularly  on  good  soils,  as  the  conditions  during  the  season  of  growth 
are  favorable  for  the  rapid  changing  of  the  organic  nitrogen  in  the  soil 
into  active  forms. 

The  setting  of  the  plants  and  the  methods  of  cultivation,  already 
described,  should  be  followed.  The  yield  per  acre  for  good  soils,  when 
the  proper  conditions  are  observed,  should  average  about  300  bushels. 

'If  fertilizers  only  are  used,  this  item  may  be  very  much  reduced. 
20919— No.  76 2 
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The  prices  received  for  tbia  crop  are  asnally  very  much  lower  than 
for  tbe  early  crop,  though  much  depends  upon  the  season  and  yield. 
When  the  early  season  is  cold  and  wet  the  net  value  of  a  second  early 
or  late  crop  is  often  quite  as  great  as  that  of  the  early  crop,  owing  to 
the  fact  that  the  chief  expenses — the  cost  of  plants  and  of  fertilizers — 
are  reduced,  the  former  frpm  $15  to  $5  per  M,  a  saving  of  $20  per 
acre,  and  to  a  saving  of  at  least  $5  per  acre  in  the  fertilizers.  Good 
growers  expect  about  $100  per  acre  as  the  gross  value  ot  the  crop. 

TOMATOES  FOR  CANNERIES. 

The  tomato  is  now  so  largely  grown  as  a  regular  field  crop  that  it 
might  seem  as  if  but  little  could  be  said  concerning  the  methods  to  be 
observed,  although,  as  in  the  other  cases,  success  requires  definite 
knowledge  and  careful  practice  along  the  four  lines  already  emphasized : 
(1)  The  selection  of  the  variety;  (2)  the  growing  of  the  plants;  (3)  the 
selection  and  preparation  of  the  soil;  and  (4)  the  fertilizing  and  culti- 
vation of  the  land. 

SELECTION  OP  THE  VARIETY. 

Owing  to  the  fact  that  in  canned  tomatoes  it  is  difiicult  for  the  aver- 
age consumer  to  note  any  deficiencies  in  the  appearance  of  the  original 
fruit,  many  labor  under  the  delusion  that  any  variety  will  do  for  this 
purpose.  This  is  a  mistaken  idea,  as  quality  in  canned  goods  is  now 
an  important  factor,  and  it  is  quite  as  necessary  that  a  good  quality  of 
product  should  be  used  as  in  growing  for  the  early  or  general  market, 
though  from  the  field  side  it  is  natural  that  tonnage  should  be  a 
primary  consideration. 

In  the  matter  of  varieties,  as  in  the  case  of  the  early  tomatoes,  too 
much  dependence  should  not  be  placed  upon  the  name  or  upon  the  fact 
that  a  neighboring  farmer  secures  good  results  from  a  given  variety, 
since  there  are  so  many  variations  in  the  character  of  soils,  even  in  the 
same  locality,  which  exert  an  influence  upon  the  size  and  quality  of  crop 
that  the  best  variety  is  usually  one  that  is,  in  part  at  least,  developed 
by  the  individual  grower.  The  main  point  is  to  select  varieties  that 
produce  large,  smooth,  solid  fruits,  that  ripen  to  the  stem;  those  which 
possess  size  as  their  chief  characteristic  are  frequently  of  poor  quality, 
as  they  are  likely  to  possess  large  seed  cavities  and  to  ripen  unevenly. 
The  Stone,  Paragon,  Ten  Ton,  Cumberland  Ked,  and  Livingston  Per- 
fection are  all  varieties  that  have  been  grown  with  advantage,  though, 
as  before  sta.ted,  the  variations  due  to  the  conditions  cause  a  consider* 
able  change  from  the  original  variety.  In  fact,  in  many  localities  n« 
definite  variety  name  is  known,  neither  is  it  known  where  the  original 
plant  came  from,  and  thus  it  assumes  a  local  name,  as,  for  example,  in 
New  Jersey,  the  "Jersey  Red"  is  probably  grown  more  largely  than  any 
other,  though  it  possesses  very  different  characteristics  in  different 
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localities,  and  is  a  developmeDt  and  improvement  of  some  good  variety 
introdaced  at  an  earlier  period. 

The  conditions  are  snch  in  some  sections  as  to  prevent  the  canners 
from  making  as  much  distinction  between  good  and  poor  varieties  as 
they  would  like  to  do.  Largely  owing  to  the  liking  of  the  growers  for 
the  large  sorts,  the  coarser  varieties,  which  give  a  heavy  yield,  have 
been  substituted  for  those  of  finer  texture,  although  there  has  been  a 
gradual  improvement  in  this  regard.  Canneries  are  in  a  measure 
obliged  to  receive  all  that  come,  unless  they  can  control  absolutely  the 
land  upon  which  they  are  grown.  Frequently  differences  in  the  quality 
of  the  crops  of  different  farmers  will  make  a  difference  of  from  25  to  40 
cans  on  a  ton  of  fruit,  or  from  6  to  10  per  cent,  a  very  considerable  item. 
In  good  seasons  and  with  good  fruit,  400  cans  may  be  regarded  as  the 
maximum  amount  to  be  derived  from  a  ton,  though  late  in  the  season, 
and  with  poor  varieties,  as  already  stated,  the  pack  from  a  ton  is  very 
much  less.  The  interests  of  both  the  grower  and  the  canner  are  really 
identical  in  this  regard.  An  improvement  in  the  quahty  of  the  fruit 
will  result  in  an  improvement  of  the  canned  product  and  a  consequent 
increase  in  the  price  of  both  the  raw  and  manufactured  products. 

QROWLNG  THE  PLANTS. 

The  care  and  expense  required  in  growing  the  plants  for  the  crop  for 
canneries  are  less  than  for  the  other  crops,  though  the  matter  of  plants 
is  still  a  very  important  one.  Here  as  in  the  other  cases,  good  plants 
are  a  necessary  factor  for  success.  A  good  crop  from  poor  plants  can 
result  only  when  all  other  conditions  are  extremely  favorable. 

In  the  growing  of  plants  it  is  necessary  to  select  a  sheltered  spot, 
either  natural  or  artificial;  the  lee  side  of  a  high  board  fence,  or  build- 
ing, is  a  desirable  location,  the  main  object  being  to  protect  the  plant 
from  the  cold  north  and  northwest  winds. 

The  bed  may  be  prepared  either  by  working  into  a  well-drained  soil 
an  abundance  of  well-rotted  or  composite  manure,  or  by  applying  to  it 
fertilizers  of  the  right  kind — that  is,  such  as  are  soluble  and  available, 
and  which  at  the  same  time  will  not  retard  germination  or  injure  the 
young  plantlet.  As  a  rule,  manures  are  preferable,  as  dressings  of 
mineral  fertilizers  to  provide  the  food  required  would  naturally  have  a 
tendency  to  retard  germination.  After  the  bed  is  prepared  it  should 
be  raked  fine,  all  clods  pulverized,  and  manure  applied. 

The  seed  should  be  planted  shallow,  as  at  this  season  of  the  year 
there  is  still  a  deficiency  of  warmth,  and  the  nearer  the  surface  the  seed 
are  planted  the  quicker  they  will  germinate.  As  a  rule,  they  should 
not  be  deeper  than  one-quarter  of  an  inch,  and  the  earth  around  the 
seed  firmly  packed,  which  can  be  well  done  by  means  of  a  board  1  foot 
wide  and  of  a  length  equal  to  the  width  of  the  bed.  This  board  will 
also  do  to  stand  on  when  sowing  the  seed.  A  light  covering  of  salt 
bay,  or  straw,  is  also  beneficial  immediately  after  plan  ting,  in  order  to 
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absorb  the  heat  ft'om  the  san,  and  at  the  same  time  to  keep  the  surface 
soil  loose  aod  prevent  baking.  The  covering,  however,  shouldbe  removed 
before  the  seedlings  break  through  the  soil,  otherwise  the  plants  will 
be  drawn  and  worthless.  When  the  plants  are  an  inch  high  the  soil 
should  be  stirred.  This  stirring  should  be  repeated  frequently,  par- 
ticularly after  each  rain,  as  it  induces  more  rapid  growth,  and  more 
freely  admits  the  warm  air  to  the  roots  of  the  plant.  Unless  there  is 
an  abundance  of  rain,  careful  attention  should  also  be  given  to  watering, 
as  the  plants  require  a  great  abundance  of  water.  If  all  these  precau- 
tions are  carefully  observed,  and  the  work  properly  carried  out,  good, 
strong,  well-fibered  plants  should  be  ready  for  the  field  from  the  middle 
to  the  latter  part  of  June — ^the  time  which  they  are  usually  set  in  New 
Jersey  or  Maryland.  In  other  States  the  planting  of  the  seed  would 
naturally  be  a  little  earlier,  thus  making  the  setting  in  the  field  pro- 
portionately earlier. 

SELECTION  AND  PREPARATION  OF  THE  SOIL. 

The  tomato  as  a  field  crop  is  adapted  to  a  wide  variety  of  soils,  though 
a  medium  clay  loam  is  probably  the  best.  In  fact,  any  soil  well  adapted 
to  potatoes  will  grow  the  tomato  to  good  advantage.  The  previous 
treatment,  however,  has  an  influence  on  the  best  development  of  the 
crop,  and  a  clover  sod,  or  a  soil  upon  which  corn  has  been  the  preced- 
ing crop,  is  perhaps  the  best.  In  either  case  the  laud  should  be  deeply 
cultivated,  preferably  in  the  fall  or  early  spring,  in  order  to  improve 
its  physical  character  and  to  destroy  injurious  insects,^  which  may  be 
troublesome  later.  It  is  also  desirable,  where  it  is  the  practice  to  use 
manure,  particularly  if  it  is  coarse,  to  spread  it  during  the  winter,  in 
order  that  the  soluble  portions  may  become  thoroughly  distributed  in 
the  soil.  As  soon  as  the  land  is  ready  to  work  in  the  spring  it  should 
again  be  plowed  shallow  and  then  deeply  cultivated,  in  order  to  thor- 
oughly warm  up  the  soil  and  to  incorporate  in  it  the  coarser  portions 
of  the  manure. 

FERTILIZING  AND  CULTIVATION  OF  THE  SOIL. 

In  manuring  and  fertilizing,  the  character  of  the  crop  and  the  season 
of  its  growth  should  be  remembered.  Hence  recommendations  that 
were  made  for  the  early  crop  do  not  apply  in  all  cases,  except,  perhaps, 
on  the  poorer  classes  of  soils.  In  the  first  place,  the  ])lants  are  not 
put  in  the  soil  until  summer,  when  the  conditions  are  most  favorable 
for  the  rapid  change  of  organic  forms  of  nitrogen  into  nitrates,  and 
thus  if  the  soil  has  been  manured,  or  is  naturally  rich  in  vegetable 
matter,  the  additional  application  of  nitrogen  in  immediately  available 
forms  is  not  so  important.  In  the  second  place,  the  object  of  the 
growth  is  not  early  maturity,  but  the  largest  yield  of  mature  fruit. 
Hence  it  is  more  desirable  to  grow  a  larger  plant  than  in  the  case  of 
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the  early  tomatoes.  The  fertilizing  sbould  be,  therefore,  such  as  to 
famish  an  abundance  of  all  the  elements  of  plant  food,  and,  inasmuch 
as  the  tomato  belongs  to  the  potash-consuming  class  of  plants,  the 
fertilizers  used  should  be  particularly  rich  in  this  element.  It  is  not 
to  be  understood,  however,  that  it  is  not  necessary  to  apply  nitrogen, 
for  frequently  soils  are  used  that  are  either  not  naturally  well  adapted 
to  the  plant  or  have  not  been  previously  well  supplied  with  vegetable 
matter  containing  nitrogen.  On  such  soils  additional  nitrogen  is  very 
important,  and  nitrate  of  soda  is  one  of  the  best  forms  to  use,  aB  it*is 
absorbed  fully  by  the  roots,  thus  encouraging  an  early  and  vigorous 
growth  of  plant  and  a  normal  development  of  fruit.  Slow-acting 
organic  forms  of  nitrogen,  on  the  other  hand,  frequently  begin  to  feed 
the  plant  and  cause  its  rapid  growth  when  the  energies  should  be  con- 
centrated in  the  growth  and  maturity  of  the  fruit. 

Fertilizers  that  have  proven  excellent  are  those  which  contain  a 
relatively  smaller  amount  of  nitrogen  than  is  required  for  early  toma- 
toes and  large  amounts  of  phosphoric  acid  and  potash. 

A  study  of  the  composition  of  both  the  fruit  and  vine  of  the  tomato 
will  serve  to  guide  us  in  this  respect,  though  the  amounts  and  proi>or- 
tions  of  food  removed  by  any  crop  are  not  an  absolute  guide,  inasmuch 
as  the  soil  may  furnish  more  of  one  constituent  than  another,  and 
because  the  plant  may  have  the  power  of  acquiring  certain  of  its  con- 
stituents more  readily  than  others.  In  studying  the  amount  of  fertilizer 
to  use,  it  is  desirable  to  add  more  than  will  be  contained  in  the  increased 
crop,  for  two  reasons:  First,  because  it  is  impossible  so  to  distribute 
the  fertilizer  as  to  enable  the  plant  roots  to  come  in  contact  with  every 
portion  of  it,  and  second,  because  there  is  danger  of  loss  of  nitrogen 
by  leaching,  particularly  during  a  wet  season.  The  fertilizing  constitu- 
ents of  the  fruit  and  vines  of  tomatoes  are  as  follows: 

Fertilizing  oonatiiuenU  in  one  ion  of  the  fruit  and  vines  of  iomatoee. 


Infirait 

Vines  (green). 


Nitro- 
gen. 


Poundi. 
3.20 
e.40 


Phos- 
phoric    Potash, 
acid. 


Poufids. 
1.00 
1.40 


Pounds. 
5.40 
10.00 


From  this  data  it  is  calculated  that  in  10  tons  of  tomatoes,  with  the 
accompanying  vines,  which  would  probably  reach  4  tons,  there  would 
be  contained  57  pounds  of  nitrogen,  16  pounds  of  phosphoric  acid,  and 
94  pounds  of  potash.  On  a  good  soil,  therefore,  which  would,  without 
manure,  produce  five  to  six  tons,  there  should  be  added  a  sufficient 
excess  of  the  constituents  to  provide  for  a  maximun  production,  and 
the  materials  should  be  relatively  richer  in  nitrogen  and  potash  than 
in  phosphoric  acid.  A  mixture  of  nitrate  of  soda,  400  pounds;  bone 
tankage,  700  pounds;  acid  phosphate,  400  pounds;  muriate  of  potash, 
600  pounds,  would  contain,  approximately,  95  i)ounds  of  nitrogen,  144 
pounds  of  phosphoric  acid  (48  pounds  of  which  would  be  soluble  and 
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available),  and  250  pounds  of  potash  in  each  ton.  An  application  of 
500  pounds  of  this  mixture  would  furnish  half  as  much  nitrogen  as  is 
contained  in  10  tons  of  crop,  nearly  as  much  immediately  available 
phosphoric  acid  and  two-thirds  as  much  potash.  Hence  a  dressing  con- 
taining the  amounts,  kinds,  and  proportions  of  plant  food  here  indicated 
would  be  regarded  as  very  desirable,  since  one-half  of  the  nitrogen  is 
in  the  form  of  nitrate,  which  would  contribute  to  the  immediate  growth 
of  the  plant.  The  amount  of  soluble  and  available  phosphoric  acid  is 
sufficient  to  satisfy  the  needs  of  the  crop  throughout  its  entire  growth^ 
and  such  an  abundance  of  potash  is  present  as  to  insure  the  maturity  of 
both  plant  and  fruit.  Formulas  of  this  character  have  been  used  with 
good  success,  though  the  large  proportion  of  salts  sometimes  makes 
mixtures  of  this  sort  too  moist  to  handle  well,  in  which  case  a  part  of 
the  potash  or  even  the  nitrate,  may  be  applied  separately  with  advan- 
tage. On  poorer  soils  the  artificial  supply  of  plant  food  should  be  pro- 
portionately greater,  or  sufficient  to  provide  for  the  entire  needs  of  a 
fair-sized  crop,  since,  as  a  rule,  the  relative  power  of  the  plant  to  acquire 
food  is  somewhat  less  on  poor  soils  than  on  good  soils,  or,  stated  in 
another  way,  the  results  from  the  use  of  fertilizers  are  proportionately 
better  upon  soils  in  good  condition  than  upon  those  not  well  cared  for. 
A  good  formula  for  use  on  these  soils  may  consist  of  nitrate  of  soda, 
500  pounds 5  bone  tankage,  500  pounds;  acid  phosphate,  400  pounds, 
and  muriate  of  potash,  600  pounds. 

One  ton  of  this  mixture  would  furnish  approximately  105  pounds  of 
nitrogen,  120  pounds  of  phosphoric  acid,  and  300  pounds  of  potash.  The 
application  of  1,000  pounds  would,  therefore,  furnish  the  food  in  suffi- 
cient abundance  and  in  good  proportions  to  meet  the  demands  of  a 
fair  crop.  The  advantage  of  using  so  large  a  proportion  of  nitrogen  in 
the  form  of  nitrate  is  that  in  this  form  it  is  immediately  available,  and 
induces  the  immediate  and  rapid  growth  of  the  plant,  and  prevents  a 
too  late  growth  by  furnishing  a  minimum  of  organic  nitrogen,  which 
would  become  available  late  in  the  season.  The  cost  of  the  fertilizer 
suggested  in  these  cases,  though  apparently  rather  large,  should  not 
exceed  815  per  acre,  and  is  no  more  than  would  be  required  for  fertil- 
izers to  insure  a  maximum  crop  of  corn,  or  other  field  crop,  on  the  soils 
described.  Besides,  it  must  be  remembered  that  the  quality  of  the 
crop  would  also  be  greatly  improved.  The  necessity  for  so  expensive 
a  dressing  could  be  materially  lessened  by  reducing  the  need  for  nitro- 
gen, and  this  could  be  accomplished  by  sowing  crimson  clover  with,  or 
after,  the  previous  crop  of,  say,  early  corn  or  potatoes;  in  fact,  if 
weather  conditions  are  favorable,  crimson  clover  may  be  seeded  in  the 
tomato  fields  in  August  after  cultivation  has  ceased,  or  at  the  last  cul- 
tivation, and  a  crop  of  clover  grown  which  will  provide  nitrogen  for  the 
next  year's  crop.  This  method  is  now  practiced  with  advantage  by 
many  growers.  The  cost  of  manuring  or  fertilizing  tomatoes  on  soils 
in  good  condition,  and  which  have  been  well  managed  for  previous 
crops  in  the  rotation,  should  not  exceed  $8  per  acre. 
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SETTING  AND  CXJLTIVATINQ  THE  PLANTS. 

The  plants  should  be  set  from  4  to  4J  feet  apart  each  way  and  culti- 
vation should  begin  immediately.  The  first  cultivation  should  be  deep, 
in  order  to  conserve  the  moisture,  and  each  subsequent  cultivation  shal- 
lower, in  order  not  to  destroy  the  roots,  which  will  fill  the  soil  as  soon 
as  the  plants  reach  maturity.  The  crop  in  good  seasons  should  begin 
to  ripen  in  August,  and  picking  will  continue  from  that  time  until  the 
last  of  September. 

COST,  7IBLD,  AND  VALUE  OF  THE  CROP. 

The  cost  per  acre  is  of  course  much  smaller  than  in  the  case  of  early 
tomatoes  (see  p.  17),  the  reduction  in  cost  of  plants  being  especially 
marked.    The  several  items  may  be  classified  as  follows : 

Coat  of  growing  an  acre  of  tomatoes  for  canning. 

Plants $2 

Manures  and  fertilizers 8 

Preparation  of  land,  setting  plants,  and  cultivation 8 

Picking  and  carting 10 

Total 28 

The  yield,  as  in  the  case  of  the  early  tomatoes,  varies  widely,  ranging 
from  5  to  as  high  as  20  tons  per  acre,  even  30  tons  per  acre  having  been 
reported  in  exceptional  cases,  although  the  average  for  a  series  of  years 
oil  average  land  will  probably  be  under  8  tons.  Where  all  conditions 
are  carefully  observed, 20-ton  yields  are  frequently  obtained,  and  at  the 
prices  received  at  the  cannery,  ranging  from  $5  to  $7.50  jier  ton,  accord- 
ing to  the  locality,  the  crop  is  a  fairly  good  one  and  the  net  profits 
quite  as  high  as  for  other  field  crops. 

The  agreements  made  between  the  growers  and  canners  differ  some- 
what, thoagh  the  main  object  on  the  part  of  the  canner  is  to  secure  suf- 
ficient tonnage  to  maintain  the  factory  during  the  ripening  season.  It 
would  seem  that  the  fairest  form  of  contract  would  call  for  the  product 
of  a  certain  number  of  acres  ratlier  than  the  delivery  of  a  certain  num- 
ber of  tons.  It  is  impossible  for  the  farmer  to  anticipate  the  season, 
and  therefore  he  can  not  safely  contract  to  deliver  a  definite  number  of 
tons.  The  following  form  of  contract,  which  is  quite  generally  used  in 
New  Jersey,  is  good  and  protects  both  the  producer  and  the  canner: 

Form  of  contract  between  tomato  grower  and  canner. 

This  is  to  certify  that  we ,  have  bought  of ,  the  product  of 

acres  of for  the  season  of at per  ton,  delivered  at  our  cannery . 

Stock  to  be  in  first-class  merchantable  condition.    To  be  planted  about . 

Other  provisions  are  frequently  inserted  to  cover  the  date  of  the 
beginning  of  the  delivery,  as  well  as  to  protect  the  cannery  in  case  of 
fire,  accident,  or  other  contingency. 

The  cooperation  of  farmers  in  the  ownership  and  management  of  a 
cannery  is  practiced  in  a  number  of  places,  though  it  is  not  general. 
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TOMATOES  IN  THE  GEEEHHOUSE. 

The  tomato  is  an  important  forcing-liouse  vegetable,  aud  may  be  made 
a  profitable  supplemental  crop  by  those  who  are  equipped  with  houses 
for  growing  plants  for  the  outdoor  early  market  crop.  They  can  utilize 
their  house  for  a  winter  crop  of  fruit  before  it  becomes  necessary  for 
growing  the  plants  for  the  field.  It  is  very  profitable  when  the  condi- 
tions of  growth  are  understood  and  carefully  observed. 

VARIETIES. 

'  Few  of  the  large  number  of  varieties  seem  to  be  adapted  for  forcing. 
Those  that  have  given  the  best  results  thus  far  are  Lorillard,  Chemin 
Market,  Optimist,  Ithaca,  and  Long  Keeper.  Of  these,  the  Lorillard 
seems  to  fulfill  the  requirements  as  fully  as  any  other  sort  grown  in 
Few  Jersey.  It  is  a  good  though  not  a  prolific  bearer,  but  the  fruit  is 
large,  smooth,  solid,  and  uniform  in  size.  The  Chemin  Market  is  a  rich- 
colored  attractive  tomato,  but  is  uneven  in  outline  and  lacks  solidity. 
Differences  that  are  observed  in  the  varieties  iu  the  more  Northern 
States,  with  a  minimum  of  sunshine,  would  x)erhaps  not  be  so  marked 
in  winter  climates  having  a  larger  proportion  of  sunshine. 

THE  HOUSE  AND  ITS  MANAGEMENT. 

The  chief  characteristic  in  a  house  is  to  have  it  light  and  tight,  and 
high  enough  to  allow  the  training  of  the  plants  to  a  height  of  at  least 
5  feet  above  the  soil  in  the  benches.  Detailed  information  as  to  the 
character  of  houses  and  methods  of  growth  and  management  are  given 
in  standard  works  on  this  subject.*  The  geueral  plan  of  growing  on 
benches  is  preferable;  these  should  contain  from  7  to  8  inches  of  soil, 
and  lie  immediately  over  the  source  of  heat.  In  beds  of  this  character 
the  plants  may  be  placed  in  rows  24  inches  apart,  and  18  inches  apart 
in  the  row.  The  darker  the  house  and  the  less  the  sunlight,  the  wider 
apart  should  the  plants  be  set. 

The  proper  temperature  is  from  OOo  to  65^  F.  for  night,  and  about  76° 
F.  for  the  day^  at  which  temperature  the  house  should  be  ventilated^ 
though  on  bright  days  the  temperature  will  run  higher  and  will  do  no 
harm  if  it  reaches  lOOo  F.  The  atmosphere  in  the  house  should  be  kept 
in  a  well-moistened  condition  until  the  fruit  begins  to  set,  then  the 
moisture  should  be  reduced,  as  it  hinders  the  setting  of  the  fruit. 
Great  care  should  be  exercised  in  watering,  especially  on  sunny  days. 

SOILS  AND  FERTILIZERS. 

In  growing  forcing-house  tomatoes,  the  character  of  the  soil  is  appar- 
ently of  less  importance  than  the  kind  of  manures  and  fertilizers  and 
their  method  of  use.    It  is  our  experience,  as  well  as  of  others,  that 

'  The  Forcing  Book,  L.  H.  Bailey.  The  Maomillan  Company,  1897.  Greenhoase 
Management,  L.  B.  Taft.     Orange  JuA<l  Company,  1898. 
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tomatoes  mjiy  be  grown  in  almost  any  kind  of  soil,  even  coal  ashes, 
provided  an  abundance  of  available  food  is  supplied.'  Where  manure 
is  convenient  and  cheap,  a  rich  garden  loam,  to  which  at  least  one- 
fifth  of  rich  stable  manure  has  been  added,  is  most  excellent,  though 
even  this  should  be  supplemented  with  liquid  manure,  or  fertilizer, 
nearly  every  week  after  the  plants  begin  to  grow.  In  the  absence  of  a 
supply  of  yard  manure,  a  reasonably  fertil«%  loamy  soil  may  be  used 
for  filling  the  beds,  in  which  may  be  mixed,  for  each  100  square  feet  of 
surface,  one-half  pound  of  nitrate  of  soda,  1  i>onnd  of  acid  phosphate, 
and  one-half  pound  of  muriate  of  potash.  This  application  will  supply 
the  needs  of  the  plants  for  food  until  fruit  begins  to  develop,  after 
which  they  should  be  fertilized  at  least  once  each  week  with  one- 
quarter  of  a  pound  of  nitrate  of  soda  for  every  100  square  feet  of  sur- 
face area,  and  with  the  mineral  fertilizers  at  the  rate  of  1  pound  of 
acid  phosphate  and  one-half  jxiund  of  muriate  of  potash  every  two 
weeks.  These  may  be  applied  in  solution,  or  evenly  distributed  over 
the  surface  of  the  soil,  and  worked  in  before  watering.  In  our  expe- 
rience, there  is  but  little  danger  of  overfeeding — the  strongest  and  most 
vigorous  plants  have  produced  the  largest  yields  and  the  best  quality 

of  fruit. 

GROWING  THE  PLANTS. 

The  method  recommended  for  growing  the  plants  for  the  early  mar- 
ket field  crop  apply  fully  in  the  case  of  those  grown  for  forcing.  The 
time  required  from  sowing  the  seed  until  the  plants  are  fit  for  transplant- 
ing in  the  beds  ranges  from  two  to  two  and  one-half  months.  Hence  if 
it  is  desired  to  have  fruit  by  the  middle  of  December,  or  the  beginning 
of  January,  it  is  necessary  to  sow  the  seed  early  in  August;  these  will 
then  be  ready  to  transplant  in  the  house  by  the  middle  of  October,  and 
first  fruiting  will  begin  by  Christmas  time.  The  plants  will  continue 
to  bear  for  longer  or  shorter  periods,  depending  largely  upon  the  method 
of  training  and  feeding,  though  usually  profitable  picking  will  continue 
for  from  two  to  two  and  one-half  months.  Hence  in  order  to  secure  a 
second  crop  in  time  to  obtain  i^ir  prices,  seed  should  again  be  planted 
in  November,  to  begin  fruiting  in  April.  A  person  who  makes  a  busi- 
ness of  growing  plants  for  early  field  crops  could  secure  at.  least  one 
house  crop  before  the  latter  i»5»rt  of  February,  when  it  is  necessary  to 
plant  his  seed. 

TRAINING  THE  PLANTS. 

The  plants  should  have  sufficient  water  applied  in  such  a  manner  as 
to  thoroughly  soak  the  soil — it  sliould  not  be  applied  so  as  to  puddle 
the  surface  and  leave  the  lower  layers  dry.  Experience  thus  far 
teaches  that  the  best  results  are  obtained  by  plants  trained  to  a  single 
stem,  which  are  supported  by  stout  strings  attached  to  the  ratters  or 
other  support  above,  and  to  which  tho  individual  plants  are  fastened 

'  New  York  Cornell  St».  Bale.  32  and  45 :  Connecticut  State  Sta.  Rpts.  189.5  and  1896; 
MassachosettB  HatchSta.  BuIb.  lOand  15;  Ohio  Sta.  Bal.  43;  New  Jersey  Stas.  Bui.  141. 
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by  soft  cord.    Great  care  should  therefore  be  exercised  in  pinching  off 

the  side  shoots  as  they  appear,  and  allowing  only  the  blossom  shoots  to 

remain.  . 

POLLINATION. 

Experiments  have  shown  that  for  the  production  of  large  even  fruits, 
the  tomato  flowers  must  receive  an  abundance  of  pollen.  Since  pollen 
is  discharged  much  less  freely  on  damp  cloudy  days  than  at  other  tiiiu's, 
it  is  desirable  to  pollinate  artificially  during  a  considerable  part  of  the 
winter  and  early  spring.  Pollination  is  best  done  in  the  brightest  part 
of  the  day  when  the  atmosphere  is  comparatively  dry.  A  very  satis- 
factory way  of  distributing  the  pollen  is  to  tap  the  blossom  lightly  with 
a  small  stick  and  thus  jar  the  pollen  out  into  a  spoon,  watch  glass,  or 
other  convenient  receptacle  held  below  the  flower,  the  pistil  being 
depressed  into  the  accumulated  pollen  at  the  same  time.  Pollinating 
may  also  be  done  by  transferring  the  pollen  from  flower  to  flower  with 
a  camel's  hair  brush. 

TIELDS. 

When  conditions  are  favorable,  the  average  yield  should  be  about  2 
pounds  for  each  2  square  feet  of  surface  soil.  The  crop  grown  during 
the  short  winter  days  will  always  be  slightly  less  than  that  grown  when 
the  days  are  lengthening, 

MARKETS  AND  PRICES. 

Care  should  be  used  in  handling  and  putting  up  the  fruit  for  market; 
it  should  not  be  bruised,  and  should  preferably  be  placed  in  boxes  hold- 
ing from  4  to  10  pounds,  each  fruit  wrapped  in  tissue  paper  and  all 
carefully  packed.  The  prices  received  will  range  from  10  to  60  cents 
per  pound.  The  higher  price  is  usually  received  in  February  and  March, 
though  in  the  past  good  prices  have  been  received  even  after  the  South- 
ern fruit  comes  in  tlie  market  in  considerable  quantities,  because  of  the 
superior  quality  of  the  greenhouse  product. 

With  the  prices  obtained  in  the  past  the  gross  receipts  for  a  season, 
December  to  May,  from  a  house  20  by  100  feet,  will  range  from  $400  to 
$600,  depending  on  the  skill  used  in  the  management.^ 

INSECT  PESTS  AND  EEMEDIES. 

An  insect  pest  of  the  tomato,  which  frequently  does  great  dam- 
age to  the  early-market  crop,  is  the  tomato  worm ;  it  is  also  known  as 
the  ''corn  worm"  in  the  North,  and  the  ''boll  worm"  in  the  South.* 
This  worm  bores  into  the  ripening  tomoto  and  is  thus  difficult  to  deal 
with  directly.  The  caterpillar  that  matures  in  corn  in  September  or 
early  October  goes  under  ground  and  changes  to  a  pupa,  passing  the 
winter  in  this  condition.  If  the  ground  remains  undisturbed,  the  moth 
appears  in  early  spring  and  lays  its  eggs  upon  such  plants  as  it  can 
find,  and  early  tomato  plants  are  one  of  its  favorites.  The  caterpillars 
bore  at  first  into  the  stems,  but  always  attack  the  fruit  as  soon  as  it  is 


1  New  Jersey  Stas.  Bnl.  141. 

^Economic  Entomology,  J.  B.  Smith,  pp.  303-304   J.  B.  Lippincott  Co.,  1896. 
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set  and  continae  their  ravages  as  long  as  fruit  remains.  Because 
they  can  not  be  treated  except  by  picking  and  destroying  fruit,  the  only 
practical  method  suggested  is  to  fall  plow  all  cornfields  upon  which 
tomatoes  are  to  follow.  The  fall  plowiig  breaks  up  the  earthen  cells 
in  which  the  pupse  rest  and  results  in  almost  every  instance  in  causing 
their  death.  The  pest  is  not  so  serious  where  corn  has  not  been  ])re- 
viously  grown,  in  which  case  the  necessity  for  fall  plowing  is  not  so  great; 
still,  inasmuch  as  the  practice  is  a  good  one  in  any  case,  it  is  to  be 
recommended  where  trouble  from  this  pest  occurs. 

Another  pest,  quite  serious  in  some  sections,  is  the  Colorado  potato 
beetle,  which  attacks  the  young  plants  as  soon  as  tliey  are  set,  and  often 
does  considerable  damage.  Here  of  course,  before  fruit  has  set,  the 
usual  remedy  may  be  applied,  namely,  spraying  with  arsenites,  at  the 
rate  of  1  pound  in  75  to  100  gallons  of  water,  in  the  same  manner  as  for 
the  destruction  of  the  beetles  when  troublesome  on  potatoes. 

A  large  green  insect,  called  the  ^^  sphinx  caterpillar,"  often  does  con- 
siderable injury.  This  insect  is  an  external  feeder,  and  the  simplest 
remedy  is  to  hand  pick. 

A  small  spotted  mite  is  a  pest  which  is  frequently  serious  in  the 
greenhouse;  it  feeds  upon  the  under  side  of  the  leaves,  causing  the 
upper  surface  to  appear  speckled  with  white.  The  main  remedy  is  the 
frequent  syringing  of  the  plants  with  fir-tree  oil,  used  at  the  rate  of 
one-half  pint  to  2  gallons  of  water. 

The  white  scaly  insect,  which  also  does  some  injury,  can  be  kept  in 
check  by  frimigating  with  tobacco  smoke. 

The  root  gall,  caused  by  a  nematode  worm,  is  also  troublesome  at 
times,  in  which  case  the  soil  should  be  removed  from  the  house  and 
only  that  used  which  has  been  thoroughly  frozen. 

FTTVOOUS  EHEMIES  OF  THE  TOMATO.' 

In  the  Northern  United  States  the  most  destructive  disease  of  the 
tomato  is  the  leaf  spot  {Septoria  lycopersici).  It  is  easily  recognized  by 
the  affected  foliage  becoming  covered  with  minute  brown  specks  and 
finally  drying  up  and  falling  away,  leaving  the  bare  stems,  which  are 
also  more  or  less  spotted  by  the  fungus.  The  disease  gains  a  foothold 
in  the  plants  while  they  are  quite  young,  and  therefore  great  care 
should  be  taken  to  have  everything  in  connection  with  the  propagating 
beds  in  the  best  sanitary  condition. 

Experiments  have  shown  that  where  this  disease  is  prevalent  toma- 
toes should  not  be  grown  continuously  upon  the  same  soil,  and  all  stems 
of  plants  should  be  burned  at  the  close  of  the  season. 

A  second  troublesome  disease  of  the  tomato  is  due  to  a  bacterium 
(Bacillus  solanacearum)  and  is  recognized  by  a  sudden  wilting  of  the 
foliage,  followed  by  a  yellow  color  that  finally  becomes  brown.    This 

*  By  Byron  D.  HaLsted,  D.  Sc,  botanist  and  hortioaltnrist,  New  Jersey  Agricultural 
Experiment  Station,  and  professor  of  botany  and  horticulture,  Rutgers  College. 
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disease  of  the  tomato  was  first  complained  of  in  the  South,  bnt  it  is  now 
found  as  far  north  as  Washington,  D,  C,  and  may  be  expected  as  a 
troublesome  pest  by  the  truckers  around  Philadelphia  and  New  York. 

Other  plants  belonging  to  the  same  family  with  the  tomato  are 
affected  with  the  same  disease,  as  the  potato,  eggplant,  petunias,  and  . 
several  common  weeds,  such  as  the  Jamestown  weed,  black  nightshade, 
and  ground  cherry.    This  germ  disease  is  therefore  not  so  easily  con- 
trolled as  those  that  infest  only  one  kind  of  plant. 

Much  depends  upon  the  condition  of  the  foliage,  and  anything  that 
opens  up  a  passageway  for  the  entrance  of  the  germs  renders  inocula- 
tion more  frequent. 

E.  F.  Smith,  of  the  Department  of  Agriculture,  who  has  made  a  spe- 
cial study  of  this  trouble,  finds  that  it  is  transmitted  from  one  plant  to 
another  by  insects,  the  Colorado  beetle  and  the  flea  beetles  being  among 
the  ones  most  active  in  this  distribution. 

One  of  the  chief  preventive  measures  is,  therefore,  to  protect  the 
tomato  plants  from  the  attacks  of  insects  by  the  use  of  insecticides.  In 
addition  to  this,  any  plant  that  shows  the  characteristic  wilt  should  be 
removed  and  burned,  thus  destroying  centers  of  infection.  It  is  well 
to  practice  rotation  and  not  grow  tomatoes  upon  or  close  to  land  where 
the  crop  suffered  the  previous  year.  The  same  rule  holds  true  with 
potatoes  and  eggplants,  and  no  weeds  of  the  tomato  family  should  be 
allowed  to  grow  in  or  near  the  area  devoted  to  the  crop. 

The  fruit  rot,  sometimes  called  black  mold  {Macrosporium  tomato)^  is 
a  fungous  disease,  which  usually  begins  at  the  blossom  end  of  the  fruit. 
It  is  frequently  accompanied  by  other  fungi  that  cooperate  with  it  in 
causing  the  premature  decay  of  the  fruit. 

Those  varieties  which  have  an  imperfect  blossom  end  are  most  sus- 
ceptible, and  care  should  be  taken  to  grow  the  smooth-iruited  sorts.  For 
example,  the  rough-skinned  soft  fruits  of  the  "peach"  variety  decay 
more  extensively  than  the  Dwarf  Champion,  with  its  smooth,  hard 
fruit.  The  latter  is  an  upright  plant,  and  the  fruit  is  less  frequently 
upon  the  ground,  and  to  this  in  some  measure  is  due  the  comparative 
exemption  from  the  fruit  rot.  This  suggests  the  training  of  the  vines 
to  stakes  or  trellises,  or  using  a  straw  mulch  upon  the  soil  to  keep  the 
fruit  from  touching  the  earth. 

One  of  the  most  destructive  of  the  fruit  diseases  is  the  anthracnose 
{Colletotrichum  phomoides).  This  fungus  attacks  the  fruit,  usually  pro- 
ducing small  sunken  places,  which  continue  to  enlarge  until  the  tomato 
is  ruined. 

A  common  fungous  disease  of  greenhouse  tomatoes  is  the  olive  mold 
[Cladosporium  fulvum).  The  infected  leaves  turn  yellowish  in  patches, 
and  upon  the  under  side  there  is  a  felt  like  olive-colored  growth  of 
mold,  where  the  spores  are  produced  in  great  numbers.  The  worst 
leaves  should  be  removed  and  burned  and  spraying  will  help  to  keep 
the  mold  in  check. 
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In  conclasioQ,  it  may  be  said  that  fungous  diseases  of  the  tomato  are 
found  in  all  stages  of  the  growth  of  the  crop.  Some  begin  in  the  propa- 
gating bed  and  flourish  in  the  field  upon  leaf  and  stem.  Others  are 
confined  to  the  fruit  and  destroy  the  tomatoes  after  they  are  picked, 
while  some  are  usually  present  in  the  greenhouse. 

They  all  produce  spores  or  minute  germs  that  are  invisible  and 
countless,  and  therefore  all  old  vines  should  be  destroyed  and  a  wide 
rotation  practiced  by  the  trucker.  It  is  to  his  advantage  to  set  healthy 
plants,  and  be  cautious  in  buying  them  or  very  careful  in  producing  his 
own. 

Many  growers  have  found  it  profitable,  after  all  other  precautions 
are  taken,  to  add  spraying  to  the  list  of  requirements  in  growing  toma- 
toes. For  this  there  is  nothing  superior  to  the  Bordeaux  mixture  in 
any  of  its  usual  strengths. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  Agriculture, 

Office  of  Experiment  Statio'ns, 
WMhin^ton,  D.  C,  January  25 y  1899. 
Sir:  I  have  tbe  honor  to  traosrait  herewith  an  article  on  the  liming  of  soils,  by 
H.  J.  Wheeler,  Ph.  D.,  chemist  of  the  Kliode  Island  At^icaltural  Experiment 
Station,  revised  with  very  slight  corrections.  There  has  been  in  recent  years  a 
renewal  of  interest  in  problems  relating  to  the  nse  of  lime  for  the  improvement  of 
soils.  This  is  dne  in  large  measure  to  the  work  of  the  experiment  stations.  Among 
others,  the  investigations  at  the  Rhode  Island  Station,  under  the  supervision  of  the 
author  of  this  article,  have  shown  the  great  benefit  which  follows  the  use  of  lime 
on  soils  under  proper  conditions.  The  article  is  submitt^  with  the  recommendation 
that  it  be  published  as  a  Farmers'  Bulletin. 

Respectfully,  A.  C.  Trck, 

l>%reot<yi\ 
Hon.  Jambs  Wilson, 

Secretary  of  Agriculture. 
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THE  LIMING  OF  SOILS. 


THE  USE  OF  LDEB  FOB  DEPBOVIHO  SOUS. 

The  recognition  of  the  agricaltoral  valoe  of  certain  forms  of  lime  is 
not  new,  and  it  appears  probable  ft'om  the  writings  of  Pliny  that  liming 
was  practiced  by  Uie  Romans  more  than  two  thousand  years  ago.  In 
England,  Germany,  France,  and  other  European  countries  the  applica- 
tion of  lime  in  various  forms  has  been  and  is  still  practiced  extensively. 

Deh^rain  states  that  certain  regions  of  France  have  undergone  a 
veritable  agricultural  transformation  owing  to  the  use  of  lime  and  marl. 
Miintz  and  Girard  assert  that  more  than  one-fifkh  of  the  area  of  Prance 
is  of  granitic  origin,  and  that  when  the  soils  are  supplied  with  lime 
and  phosphoric  acid,  which  they  lack,  they  undergo  a  complete 
transformation. 

In  certain  sections  of  Germany  carbonate  of  lime  in  the  form  of  marl 
plays  an  important  part  in  maintaining  the  fertility  of  the  soil.  Accord- 
ing to  Wicke,  the  jrields  in  certain  districts  of  Germany  have  been 
quadrupled  by  the  employment  of  marl,  and  many  plants  whose  culti- 
vation was  previously  impossible  can  be  grown  at  a  profit  after  the  soil 
has  been  limed. 

That  eminently  practical  as  well  as  scientific  agriculturist,  Schultz, 
of  Lupitz,  has  demonstrated  the  immense  value  of  marl  in  developing 
the  productiveness  of  the  light  soil  of  that  section  of  Germany.  By  its 
use,  in  connection  with  abundant  potash  and  phosphoric  acid,  he  has 
caused  leguminous  crops  to  gather  from  the  air  large  stores  of  nitrogen, 
thus  making  it  possible  to  cultivate  the  light  soils  at  a  profit. 

Haxton,  in  a  prize  essay  ^^On  light  land  farming,"  mentions  a  num- 
ber of  siliceous,  sandy  soils  in  various  parts  of  England  which  are 
greatly  benefited  by  liming,  and  in  speaking  of  the  granite  formation 
in  Scotland  asserts  that  <Hhe  whole  of  the  granite  soils  are  deficient  in 
lime,  and  the  first  step  toward  their  improvement,  after  being  drained, 
is  to  apply  this  substance  in  a  hot  or  caustic  state." 

Buffin  is  i)erhaps  the  most  prominent  of  the  earlier  writers  who 
called  attention  to  the  agricultural  use  of  lime  in  the  United  States. 
As  early  as  1818,  and  later  in  1821,  articles  on  the  subject  were  con- 
tributed by  him  to  the  American  Farmer,  and  in  1832  appeared  the 
first  edition  of  his  well-known  work  on  "Calcareous  manures."  He 
cites  many  instances  showing  the  benefit  derived  from  calcium  carbonate 
when  applied  in  the  form  of  marl  to  his  own  and  other  Virginia  estates. 

In  certain  parts  of  Pennsylvania  and  Few  York  lime  has  long  been 
considered  one  of  the  essentials  in  wheat  production.    The  beneficial 
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effect  of  liming  has  been  demonstrated  in  other  parts  of  the  United 
States,  especially  in  the  eastern  portion-,  but,  as  Eoberts  states,  prob- 
ably 90  per  cent  of  the  arable  soil  of  the  United  States  has  never  been 
limed.  The  work  of  some  of  the  experiment  stations,  notably  that  of 
Bhode  Island,  has  shown  that  soils  which  respond  profitably  to  liming, 
either  on  acconnt  of  their  acid  condition  or  of  a  deficiency  of  lime,  are 
very  widely  distributed. 

DniEGT  MAiniBIAL  AGTIOH  OF  LTME. 

Authorities  seem  to  agree  that  lime  is  necessary  to  the  plant,  and  if 
it  be  wholly  lacking  in  soils,  even  though  an  abundance  of  all  the 
other  essential  elements  is  present,  it  can  not  develop  normally.  Just 
as  a  chain  is  useless  with  a  missing  link,  so  the  plant  can  not  grow 
if  one  of  the  essential  elements  of  plant  food  is  lacking.  As  already 
stated,  lime  has  been  found  to  be  especially  deficient  in  soils  derived 
from  granite.  It  is  also  often  true  of  soils  derived  from  mica-schist 
and  sandstone.  Fortunately,  however,  many  soils  are  well  provided 
with  lime  by  nature  and  it  is  seldom  or  never  necessary  for  those  who 
cultivate  them  to  resort  to  liming.  It  would  be  just  as  irrational  to 
apply  lime  where  it  is  not  needed  as  to  omit  it  where  it  is  required,  and 
hence  arises  the  necessity  of  ascertaining  the  needs  of  particular  soils 
in  this  respect. 

The  method  usually  resorted  to  for  ascertaining  the  amount  of  lime 
in  soils  is  to  treat  them  with  some  strong  mineral  a«id  (usually  hydro- 
chloric) and  determine  the  amount  of  lime  which  is  thus  dissolved. 
Some  writers  state  that  if  only  one-half  of  1  per  cent  is  thus  shown  to 
be  present  immediate  resort  to  liming  is  desirable ;  others  set  the  amount 
higher,  and  some  seem  to  prefer  to  have  present  as  much  as  1  per  cent. 
It  is  possible  that  a  soil  may  contain  considerable  quantities  of  lime  thus 
removable  by  acid  and  yet  in  actual  practice  show  much  benefit  from 
liming.  As  a  matter  of  fact,  soils  of  limestone  origin  sometimes  show 
benefit  from  liming.  This  seems  to  be  due  to  the  fact  that  a  consider- 
able amount  of  lime  compounds,  soluble  in  hydrochloric  acid,  may  exist, 
and  the  soil  be  nevertheless  so  charged  with  inert  organic  matter  or 
so  acid  that  the  profitable  production  of  certain  crops  is  an  impossi- 
biUty. 

The  fact  that  beets  of  all  kinds  make  a  ready  response  to  liming  on 
soils  which  are  deficient  in  lime  may  be  utilized  as  the  basis  for  a 
practical  and  reliable  method  of  testing  the  lime  requirements  of  the 
soil.  For  this  purpose  lay  out  two  plats  of  land,  each  about  12  by  30 
feet,  manure  each  of  the  plats  with  like  amounts  of  a  fertilizer  con- 
taining potash,  phosphoric  acid,  and  nitrogen,  and  apply  lime  to  one 
of  the  plats  at  the  rate  of  from  1  to  2^  tons  per  acre  (40  pounds  per 
plat  would  be  approximately  2J  tons  per  acre).  A  comparison  of  the 
growth  and  yields  on  the  two  plats  will  furnish  a  safe  means  of  judging 
whether  the  soil  will  respond  profitably  to  applications  of  lime. 


Digitized  by  VjOOQ IC 


CHEMICAL  ACnOH  07  HUE  OH  SOUS. 

Lime  is  said  to  take  the  place  of  potash  in  certain  chemical  com- 
poands  which  exist  in  soito,  thus  liberating  the  potash  and  placing  it 
at  the  disposal  of  plants.  In  this  particular,  g3rpsum  (land  plaster  or 
calcium  salphate)  is  believed  to  act  more  energetically  than  carbonate 
of  lime,  air-slacked,  or  water-slacked  lime. 

When  soluble  phosphates  are  applied  to  soils  deficient  in  lime  and 
magnesia  the  phosphoric  acid  combines  with  the  iron  and  alumina  of 
the  soil  to  form  compounds  which  are  not  readily  utilized  by  plants. 
If,  however,  the  soil  is  fairly  well  supplied  with  lime  and  magnesia 
this  transformation  is  retarded  so  that  the  plant  is  afforded  an  oppor- 
tunity to  utilize  much  of  the  phosphoric  acid  before  it  becomes  unas- 
similabie.  If  a  soil  containing  a  certain  inert  phosphate  of  iron  is 
heavily  limed,  it  is  believed  that  this  phosphate  will  be  changed  into  a 
form  which  the  plant  can  utilize.  Lime  may  therefore  not  only  help 
to  maintain  fresh  applications  of  phosphoric  acid  for  a  long  time  in 
assimilable  condition,  but  it  may,  if  applied  in  sufficient  quantity,  help 
to  unlock  stores  of  phosphoric  acid  which  plants  would  otherwise  be 
unable  to  use. 

Eilgard  has  abundantly  demonstrated  the  great  value  of  gjrpsum 
(land  plaster)  in  renovating  << alkali"  soils  in  the  arid  portions  of  the 
United  States.  Wherever  too  much  sodium  carbonate  (black  alkali)  is 
the  cause  of  the  unproductive  condition  of  the  soil  the  gypsum  reacts 
with  it,  producing  sodium  sulphate  and  carbonate  of  lime,  whereby  the 
alkalinity  may  be  sufficiently  reduced  to  render  possible  the  profitable 
production  of  crops. 

In  case  protosulphate  of  iron  and  certain  other  poisonous  compounds 
are  present  in  soils,  liming  so  changes  them  as  to  render  them  harmless 
to  plants. 

When  the  remains  of  plants  undergo  decay  upon  soils  deficient  in 
carbonates  of  lime  and  magnesia,  acid  or  sour  humus  is  liable  to  be 
produced,  which  is  particularly  noxious  to  most  agricultural  plants, 
though  perhaps  helpful  to  the  growth  of  lupines  and  a  few  others. 
Such  conditions  are  liable  to  oocur  even  in  upland  and  naturally  well 
drained  soils.  Liming  is  in  all  such  cases  an  effectual  and  probably 
the  most  economical  remedy. 

PHYSICAL  EFFECTS  OF  LIMIHG. 

Many  clay  soils  when  wet  by  rains  are  not  porous  enough  to  allow 
the  water  to  pass  through  them  with  sufficient  rapidity,  in  consequence 
of  which  they  become  water-logged  and  the  air  which  is  necessary  for 
the  healthful  development  of  plant  roots  within  the  soil  is  excluded. 
In  times  of  drought,  also,  such  soils  cake  readily,  thus  becoming  more 
difficult  to  till  and  less  adapted  physically  to  the  growth  of  plants. 
Liming  is  an  effective  preventive  or  remedy  for  all  of  these  unfavorable 
conditions.      Upon  certain  loamy  soils  containing  considerable  clay 
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linjing  often  renders  fhe  Rarface  more  fiiable  and  lens  liable  to  form  a 
crust  ni>on  drying. 

The  improvement  of  drainage  bronght  about  by  liming  is  one  of  the 
most  effective  means  of  preventing  surface  washing.  When  heavy 
rains  occur  on  limed  soils  the  water  sinks  into  the  soil  instead  of  rush- 
ing over  the  surface,  carrying  the  fine  soil  particles  with  it  and  thus 
producing  galls  and  washes. 

Boils  which  are  composed  of  siliceous  sand  are  frequently  benefited 
by  being  rendered  more  compact  by  liming.  On  such  soils  carbonate 
of  lime  is  preferable  to  air  or  water  slacked  lime,  owing  to  the  caustic 
nature  of  the  latter,  and  the  best  material  to  employ  where  it  is  obtain- 
able is  a  clay  marl  containing  a  fair  amount  of  carbonate  of  lime.  The 
clay  as  well  as  the  lime  tends  to  materially  improve  the  physical  condi- 
tion of  the  soil.  It  should  also  be  the  aim  to  increase  the  amount  of 
organic  matter  in  such  soils  by  the  use  of  muck  and  stable  manures, 
or  by  the  occasional  plowing  under  of  a  green  crop  or  of  sward. 

THE  EFFECT  OF  LIKE  ON  THE  ACTION  OF  HGBOSCOPIG  OBOAN- 

I8MS  IN  THE  son. 

Many  important  changes  are  produced  in  the  soil  by  organisms  so 
small  that  they  can  only  be  observed  by  the  aid  of  the  most  powerful 
microscopes.  Some  of  the  changes  of  this  character  in  which  lime 
plays  an  important  part  are  the  following: 

(1)  The  change  of  ammonia  and  of  nitrogen  in  organic  matter,  such 
as  blood,  meat,  fish,  tankage,  plants,  etc.,  into  nitrates,  the  form  in 
which  it  is  chiefly  assimilated  by  most  cultivated  plants.  This  is 
known  as  the  process  of  nitrification  and  is  promoted  by  the  presence 
of  lime  in  soils. 

(2)  The  decomposition  of  organic  matter  in  muck  and  other  soils. 
In  this  process  the  production  of  carbonic  acid  is  much  accelerated  by 
the  use  of  lime.  This  carbonic  acid  in  turn  so  acts  upon  the  inert 
plant  food  of  the  soil  as  to  make  it  more  quickly  available  to  plants. 
The  indirect  result,  therefore,  is  to  help  the  plant  to  draw  more  potash, 
phosphoric  ncid,  etc.,  from  the  soil  than  would  otherwise  be  possible. 

(3)  The  utilization  of  atmospheric  nitrogen  by  certain  of  the  legumi- 
nous plants  (notably  the  clovers),  particularly  upon  sour  soils,  is 
facilitated  by  the  application  of  lime. 

LDONO  SOMETIHES  nUVBIOUS. 

Excessive  amounts  of  lime,  especially  on  light  soils,  may  have  an 
injurious  action.  This  is  particularly  true  of  freshly  slacked  lime  upon 
light  sandy  soils  containing  but  small  amounts  of  organic  matter.  It 
hastens  unduly  the  decomposition  of  the  organic  matter,  and  thus 
renders  the  soil  more  open  and  less  retentive  of  fertilizers  and  moisture 
than  befoi*e.  If  freshly  slacked  lime  must  be  used  upon  such  soils  it 
c'^ould  be  applied  in  small  amounts  and  at  not  too  frequent  intervals. 
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As  stated  heretofore,  clay  marls  are  mnoh  better  adapted  than  other 
forms  of  lime  for  the  improvement  of  sach  soils.  In  lieu  of  sach  marl, 
wood  ashes  or  lime  which  has  been  exposed  to  the  action  of  the  air  for 
a  long  time, 'might  be  preferable  to  lime  freshly  prepared. 

Before  the  advent  of  complete  fertilizers  it  was  a  common  adage 
that  liming  ^'  makes  rich  fathers  and  poor  sons."  If  lime  is  used  alone 
it  serves  to  liberate  potash,  nitrogen,  and  perhaps  sometimes  phos- 
phoric acid,  and  the  extra  drain  of  increased  crops  on  the  soil  natu- 
rally leaves  it  finally  in  a  worse  condition  than  at  the  outset.  In  other 
cases,  the  soil  reverts  after  many  years  to  its  former  state  of  unproduc- 
tiveness without  appreciable  injury.  Continued  success  from  liming 
can  only  be  obtained  by  the  use  of  the  other  essential  mannrial  fertiliz- 
ing constituents  in  connection  with  the  lime.  Few,  if  any,  cases  are 
on  record  where  soils  originally  in  need  of  lime  have  failed  to  continue 
to  give  good  results  from  liming  when  care  was  taken  to  maintain  a 
supply  of  the  other  essential  constituents  and  where  lime  was  applied 
in  moderate  amounts. 

There  are  impure  forms  of  lime  which,  after  burning,  will  harden  like 
cement,  and  which  on  this  account  may  have  an  ii\jurious  action  upon 
the  soil.  If  pulverized  without  burning,  they  are  capable  of  yielding 
good  results. 

Dolomitic  (magnesian)  limestone  contains  widely  varying  percentages 
of  magnesia  and  lime.  Such  stone  if  containing  high  percentages  of 
magnesia  may  sometimes  prove  objectionable  if  used  exclusively. 
When  such  material  is  applied  to  soils  the  lime  is  removed  by  crops 
and  the  drainage  water  more  rapidly  than  the  magnesia,  and  if  the 
lime  thus  becomes  practically  exhausted  the  residual  magnesia  in  the 
soil  may  have  an  injurious  action.  This  can,  however,  be  overcome  by 
adding  more  lime.  Eather  than  use  such  lime  for  long  periods  of  years 
on  the  same  lapd,  it  would  be  preferable  to  alternate  frequently  with 
lime  containing  little  or  no  magnesia. 

Some  magnesia  in  lime  is  by  no  means  objectionable,  and  may,  on 
certain  soils,  prove  i>ositively  beneficial. 

PLAHTS  BBHEFITED  BT  LDOVO. 

The  following  are  some  of  the  plants  which,  in  exx>eriments  on  acid 
soils  at  the  Ehode  Island  Exx>eriment  Station,  have  shown  marked 
benefit  from  the  use  of  lime:  Spinach,  lettuce,  beets  (all  kinds),  gumbo 
(okra),  salsify  (vegetable  oyster),  celery,  onion,  parsnip,  cauliflower, 
cucumber,  eggplant,  cantaloupe,  asparagus,  kohl-rabi,  cabbage,  dande- 
lion, Swedish  turnip,  pepper,  pea,  x>canut,  martynia,  tobacco,  sorghum, 
alfalfa,  clover,  barley,  wheat,  oats,  timothy,  and  Kentucky  blue  grass. 
Not  only  was  the  crop  greater,  but  in  many  instances  it  was  ready  for 
market  much  earlier  where  the  soil  was  limed.  There  was  at  least  two 
weeks'  difference  in  kohl-rabi  in  this  respect.  Tobacco  not  only  made 
a  much  belter  growth  when  limed,  but  the  ash  was  much  lighter  in 
color. 
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PLANTS  imJUBED  BT  UMIHO. 

A  few  plants  have  shown  considerable  injury  from  the  use  of  lime; 
these  are,  serradella,  watermelon,  blue  lupine,  and  common  sorrel 
(Rumex  acetosella).  Only  one  season's  results  are  on  record  with  serra- 
della, but  the  other  plants  have  been  tested  for  several  seasons  with 
the  same  result.  Extensive  European  tests  have  also  shown  the  lupine 
to  be  injured  by  liming.  Though  common  sorrel  is  directly  injured  by 
liming,  the  chief  effect  of  lime  in  ridding  land  from  sorrel  seems  to  be 
attributable  to  its  favoring  the  growth  of  cultivated  plants  to  such  an 
exticnt  that  the  sorrel  is  smothered  by  them. 

PLAHTS  NEABXT  nTDIPPEREHT  TO  LIMnrO. 

Standing  between  the  two  groups  of  plants  given  above  are  a  number 
which  when  they  are  supplied  with  all  of  the  nitrogen  they  require  in 
a  readily  assimilable  form,  such  as  nitrate  of  soda,  show  little  or  no 
benefit  from  liming.  Among  those  are  Indian  corn,  common  millet, 
Hungarian,  golden  millet,  rye,  potatoes,  carrots,  Ehode  Island  bent 
(grass),  and  redtop  (grass).  On  a  very  acid  or  sour  soil  even  those 
plants  would  be  benefited  by  lime  by  virtue  of  its  helping  to  change  the 
nitrogen  into  readily  assimilable  nitrates,  provided  sulphate  of  ammo- 
nia, blood,  tankage,  fish,  cotton- seed  meal,  plant  roots,  etc.,  were  present 
as  sources  of  nitrogen. 

The  above  tests,  carried  out  at  the  Ehode  Island  Station,  were  made 
in  the  field  upon  a  soil  well  supplied  with  superphosphate,  muriate  of 
potash,  and  nitrate  of  soda,  and  also  in  some  of  the  later  tests  with 
I  magnesia. 

IHPLTJEHCE  OF  LIME  UPON  SOME  PLANT  DISEASES. 

Potato  soab. — It  has  been  shown  that  carbonate  of  lime  and  such  other 
I  forms  of  lime  as  are  changed  into  the  carbonate  by  decomposition  within 

'  the  soil  all  tend  to  favor  the  production  of  potato  scab,  provided  the 

germs  of  the  disease  are  already  in  the  soil  or  are  introduced  into  it  on 
the  seed  tubers.  This  seems  to  be  due  to  the  fact  that  the  lime  makes 
the  soil  alkaline,  or  to  some  influence  which  the  combined  carbonic  acid 
of  the  carbonate  of  lime  exerts  upon  the  development  of  the  fungus* 

In  view  of  this  unfavorable  action  of  lime,  caution  should  be  observed 
in  liming  potato  fields.  If  such  fields  are  to  receive  the  treatment,  they 
should  be  limed,  if  possible,  some  time  before  potatoes  are  to  be  grown. 
The  seed  tubers  employed  should  also  be  treated  before  planting  with 
corrosive  sublimate  solution  or  some  other  effective  fungicide.  ^ 

Club  root — Many  writers  seem  to  agree  that  liming  is  capable  of  les- 
sening materially  the  injury  to  turnips,  cabbages,  etc.,  caused  by  the 
disease  known  as  "finger-and-toe"  and  "club  root."  English  writers 
assert  that  by  resort  to  liming  excellent  crops  of  turnips  have  been 

>FoT  method  of  treatment  see  U.  8.  Dept.  Agr.,  Farmers'  Bui.  56  (Experiment  Sta- 
tion Work— I). 
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produced  where  without  it  the  crop  was  a  failure  owing  to  the  atta<*.ks 
of  the  disease. 

Other  diieaaas. — ^The  effect  of  lime  in  different  forms  has  been  tested, 
with  not  entirely  conclusive  results^  on  yarious  other  diseases,  including 
cranberry  and  sweet  potato  diseases,  and  a  root  disease  of  alfalfa 
(Rhizoctonia  tnedic€Lginis),  Slacked  lime  was  found  to  be  effective  in 
reducing  soil  rot  of  sweet  potatoes,  and  quicklime  in  checking  or  pre- 
venting the  root  disease  of  alfalfa. 

HOW  OFTBV  SHOULD  LIIEIVO  BE  PEACTICEB? 

The  frequency  with  which  liming  should  be  practiced  depends  upon 
several  conditions;  for  example,  upon  the  character  of  the  soil,  the 
quantity  of  lime  employed  in  each  application,  the  number  of  years 
involved  in  a  rotation,  the  plants  to  be  grown  and  their  order  of  suc- 
cession. Formerly,  in  England,  large  quantities  of  lime  were  applied 
at  somewhat  rare  intervals,  but  there  and  elsewhere  at  tlie  present 
time  the  preferable  practice  seems  to  be  to  use  small  amounts  and 
apply  it  more  frequently.  As  a  general  rule  it  may  be  stated  that  from 
half  a  ton  to  one  and  a  half  tons  of  lime  per  acre  applied  every  five  to 
six  years  is  sufficients  There  may  exist  extreme  soils  requiring  either 
more  or  less  than  these  amounts.  If  soils  which  are  quite  acid  and 
have  not  previously  been  limed  are  to  be  seeded,  with  the  intention  of 
allowing  them  to  remain  in  grass  for  several  years,  as  much  as  two  or 
three  tons  of  lime  per  acre  may  be  advisable.  Only  very  extreme  cases 
would  call  for  larger  applications.  If  in  a  rotation  covering  a  con- 
siderable number  of  years  two  crops  especially  benefited  by  lime  are 
introduced  at  about  equidistant  intervals  of  time,  it  may  be  advisable 
to  lime  twice  in  the  course  of  the  rotation,  each  time  just  prior  to  their 
introduction.  In  renovating  acid  pastures  and  meadows  it  is  usually 
preferable  to  apply  a  fair  amount  of  lime  upon  the  furrows  when  tliey 
are  first  plowed  so  that  this  may  be  thoroughly  mixed  with  the  soil 
by  subsequent  plowing  and  harrowing,  and  just  prior  to  seeding  to 
grass  make  another  generous  application.  By  such  treatment,  pro- 
vided the  other  essential  fertilizing  ingredients  are  employed,  a  good 
stand  of  clover,  Kentucky  blue  grass,  timothy  and  other  grasses  may 
be  obtained  where  in  many  instances  they  were  formerly  partial  or 
total  failures  and  where  only  redtop,  Ehode  Island  bent,  and  grasses 
having  similar  soil  adaptability  could  be  grown.  Where  land  is  kept 
in  grass  for  a  number  of  consecutive  years,  top-dressing  with  lime  may 
be  advisable,  particularly  if  ordinary  commercial  fertilizers  are  employed 
in  lieu  of  stable  manure. 

WHEH  TO  APPLY  LIME. 

Lime  in  the, form  of  carbonate  of  lime  as  in  marl,  wood  ashes,  etc., 
can  usually  be  applied  with  safety  in  the  spring  or  at  any  other  season 
of  the  year,  but  autumn  is  always  the  safest  time  to  apply  caustic  or 
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Blacked  lime.  The  latter  form  changes  gradually  into  carbonate  of 
lime,  which  is  not  caustic,  upon  exposure  to  the  air,  but  usually  a  con* 
siderable  quantity  has  not  yet  reached  that  stage,  when  applied,  and 
it  may  in  consequence  act  too  energetically.  This  is  particularly  true  if 
the  soil  is  light  and  sandy,  and  if  plants,  which  are  but  little  helped  by 
lime,  are  employed.  On  yery  acid  soils,  particularly  such  as  contain  much 
humus,  there  is  little  or  no  danger  from  applying  reasonable  quantities 
of  lime  in  the  spring.  If  caustic  or  slacked  lime  is  applied  in  excessive 
amounts  it  may  not  only  injure  plants  directly  but  also  indirectly  by 
rendering  the  texture  of  the  soil  unfavorable;  it  may  also  make  the 
soil  temporarily  so  alkaline  as  to  interfere  with  the  activity  of  the 
organisms  which  transform  ammonia  into  readily  assimilable  nitrates. 
Injury  thus  arising  can  not  ordinarily  be  of  long  duration,  for  the  reason 
that  the  carbonic  acid  of  the  soil  changes  the  caustic  lime  rapidly  into 
carbonate  of  lime,  and  thus  the  alkalinity  of  the  soil  is  soon  reduced. 

HOW  TO  APPLY  LIME. 

Some  writers  recommend  that  upon  old  mossy  meadows  and  pastures 
lime  should  be  applied  to  the  surface  before  plowing,  in  order  that  it 
may  help  to  quickly  decompose  the  organic  matter.  The  chief  objec- 
tion to  this  procedure  is  that  the  lime  does  not  become  well  incorpo- 
rated with  the  soil,  and  since  some  of  it  is  turned  to  the  bottom  of  the 
furrow  and  its  tendency  at  all  times  is  to  work  downward,  it  may  be 
quickly  carried  not  only  away  from  the  surface  soil,  but  also  from 
the  reach  of  plants.  The  practice  of  liming  such  soils  immediately 
after  plowing  and  then  thoroughly  harrowing  has  been  attended  by 
excellent  results.  This  is  particularly  the  case  provided  a  second 
application  is  made  in  a  similar  manner,  just  previous  to  reseeding. 
Under  such  a  plan  some  lime  becomes  intimately  mixed  with  the  entire 
mass  of  soil  by  the  operations  of  tillage,  and  finally  a  considerable 
amount  is  left  near  the  surface,  thus  accomplishing  two  important 
objects. 

In  some  sections  where  marl  is  extensively  used  it  is  spread  upon  the 
surface  and  plowed  under,  turning  a  furrow  about  2  inches  deep.  The 
more  common  method  where  marling  is  practiced  is  to  plow  the  land 
and  then  cart  on  the  marl,  dumping  it  in  heaps  at  such  intervals  that 
it  can  be  spread  conveniently  with  a  shovel.  If  the  marl  is  not  suffi- 
ciently fine  and  is  of  such  a  nature  that  it  crumbles  upon  exposure  to 
the  air,  the  heaps  may  be  allowed  to  remain  for  some  time  before  spread- 
ing, and  still  further  time  may  be  allowed  to  elapse  before  the  operation 
of  harrowing  is  begun.  Sometimes  a  "clod  crusher'^  or  "bush  harrow" 
may  be  employed  to  advantage  to  break  up  the  lumps  before  harrowing. 
A  most  important  point  to  be  observed  in  applying  lime  in  all  of  its 
forms  is  to  mix  it  with  the  soil  as  thoroughly  as  i>oB8ible,  the  finer  the 
particles  the  better  being  the  result 
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Lime  which  is  abready  slacked  may  be  spread  upon  the  soii  directly 
from  wagons  or  carts,  or  dumped  in  heaps  and  then  spread  with  a  shovel, 
though  the  most  satisfactory  plan  in  such  cases  is  to  employ  an  ordi- 
nary grain  drill  with  fertilizer  attachment  or  a  lime  spreader.  In  the 
use  of  such  spreaders  it  is  generally  advisable  to  attach  some  burlap 
or  old  bagging  to  the  sides  and  rear  of  the  machine  in  such  a  way  that 
it  will  trail  upon  the  ground.  If  the  machine  is  so  equipped  and  the 
burlap  is  weighted  with  a  piece  of  wood  at  the  rear,  much  of  the 
unpleasantness  connected  with  spreading  lime  is  avoided.  For  those 
familiar  with  the  nature  of  lime  and  its  use  it  is  unnecessary  to  state 
that  it  is  well,  if  possible,  to  apply  it  on  a  quiet  day.  The  eyes  may  be 
protected  by  glasses  aiul  the  nostrils  and  mouth  by  devices  used  by 
those  who  run  threshing  machines. 

The  only  other  form  of  lime  in  connection  with  the  application  of 
which  any  particular  difficulty  might  be  encountered  is  quick  or  burned 
lime.  Where  only  small  quantities  of  caustic  lime  are  to  be  used  it  is 
fi*equently  immersed  for  a  moment  in  water,  in  a  basket,  and  emptied 
into  a  wagon  body.  The  following  day  it  will  be  slacked  sufficiently  for 
use.  Where  larger  quantities  are  used,  and  a  lime  spreader  is  at  hand, 
the  lime  is  sometimes  water  slacked  in  large  piles  on  the  border  of  the 
field  and  then  distributed.  To  accomplish  the  water-slacking  in  a  sat- 
isfactory manner,  from  2  to  2 J  pails  of  water  should  be  sprinkled  over 
each  cask  of  lime  as  it  is  emptied  upon  the  pile,  and  finally  the  whole 
mass  should  be  very  thoroughly  covere<l  with  soil.  In  a  few  days 
practically  all  of  the  lime  will  be  in  a  fine  condition  suitable  for 
spreading.  In  loading  it  into  the  spreader  care  should  be  taken  to 
first  remove  the  soil,  so  as  to  avoid  its  clogging  the  machine.  If  the 
lime  spreader  itself  is  not  fitted  with  a  screen,  the  lime  should  first  be 
carefully  screened  for  the  purpose  of  removing  any  hard  lumps  which 
may  remain,  due  to  imperfect  slacking  or  burning.  These  lumps  may 
be  further  slacked  by  themselves. 

A  practice  preferred  by  many,  and  probably  the  most  feasible  one 
where  a  lime  spreader  is  not  to  be  had,  is  to  place  the  burned  lime  in 
piles  of  from  35  to  40  pounds  .3ach  at  suitable  intervals  (heaps  of  this 
size  20  feet  apart  in  each  direction  equals  about  2  tons  per  acre ),  and 
cover  the  piles  with  moist  earth.  In  a  few  days  the  lime  is  so  thor- 
oughly slacked  that  it  can  be  spread  directly  with  a  shovel.  Provided 
the  soil  is  dry,  from  one  fourth  to  half  a  pail  of  water  ( or  in  extreme 
cases  even  more)  should  be  sprinkled  over  each  pile  immediately  before 
it  is  covered  with  earth.  In  this  case,  as  in  all  others  where  slacked 
lime  is  employed,  it  is  important  that  it  be  harrowed  into  the  soil  im- 
mediately after  spreading.  In  no  case  should  it  be  exposed  long  to  the 
air  before  harrowing,  or  it  is  liable  to  cake  and  form  a  sort  of  mortar,  to 
such  an  extent  that  it  is  impossible  to  mix  it  as  thoroughly  with  the 
soil  as  before. 
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FOBMS  OF  inCE  USED  FOB  AOBICULTVBAL  PURPOSES. 

Catistio  ("quick**  or  "bomt**)  lime  obtained  by  baming  oyster  shells, 
limestone,  etc.,  is  the  most  economical  form  in  which  lime  can  be  bought, 
in  all  cases  where  railway  transportation  is  great  or  the  material  must 
be  carted  long  distances.  One  hundred  pounds  of  sr.ch  lime  usually 
contains  about  96  pounds  of  actual  lime.  Sometimes  burned  lime  con- 
tains considerable  magnesia,  a  point  which  has  already  been  considered 
(p.  7). 

According  to  Roberts,  "when  first  removed  from  the  kiln,  lime  weighs 
about  75  pounds  to  the  heaped  bushel;  that  from  shells  weighs  less 
than  that  from  limestone.  A  ton  of  limestone  converted  into  caustic 
lime  (OaO)  weighs  between  1,100  and  1,200  pounds;  hence  it  is  economy 
to  burn  the  lime  near  where  the  stones  are  quarried,  since  it  weighs  but 
three-fifths  as  much  as  limestone.  In  slacking,  lime  takes  up  consider- 
able quantities  of  water;  hence  a  ton  of  slacked  or  hydrated  lime  con- 
tains really  but  three-fourths  as  much  lime  as  a  ton  unslacked.  A 
heaped  bushel  of  unslacked  lime  makes  1^  bushels  of  slacked  lime;' 
therefore  it  should  be  transported  before  it  is  slacked.  When  caustic 
lime  is  exposed  to  the  air  for  some  time  it  absorbs  moisture  and  car- 
bonic acid  from  the  atmosphere,  and  becomes  air-slacked  or  carbonate 
of  lime  (OaCOa),  or  limestone.  It  is  now  in  the  form  of  a  fine  powder, 
much  finer  than  ground  limestone.''  Lime  made  from  oyster  shells  and 
magnesian  limestone  weighs  less  per  bushel  than  that  made  from  the 
purer  kinds  of  limestone. 

Oypsum  or  land  plaster  is  a  combination  of  lime  with  sulphuric  acid 
(oil  of  vitriol)  and  water.  Upon  heating,  gypsum  loses  its  water  and 
is  changed  into  plaster  of  paris  or  calcined  plaster,  which  is  used  in 
making  casts  and  for  many  other  industrial  purposes. 

In  case  a  soil  is  seriously  deficient  in  lime,  gypsum  may  act  as  a 
direct  manure;  usually,  however,  its  beneficial  effect  upon  soils  is 
attributed  to  its  indirect  action  in  liberating  potash,  and  possibly  other 
elements,  which  were  locked  up  in  the  soil  in  such  combinations  that 
plants  could  not  make  use  of  them.  Gypsum  may  be  helpful  to  a 
limited  extent  on  clayey  soils  by  flocculating  the  fine  particles,  on 
account  of  which  the  soil  is  less  likely  to  become  "  water-logged  "  and 
to  cake  and  interfere  with  the  operations  of  tillage.  In  the  last-men- 
tioned respect  water-slacked  lime  or  that  in  the  form  of  carbonate  is 
said  to  be  much  more  efficacious  than  gypsum,  though  as  a  liberatpr  of 
potash  gypsum  is  claimed  to  lead. 

It  is  stated  on  good  authority  that,  in  the  presence  of  decaying 
organic  matter,  gypsum  may  be  changed  into  carbonate  of  lime. 
While  this  may  be  true  under  certain  circumstances,  in  experiments  at 
the  Rhode  Island  Station  on  a  soil  exceptionally  rich  in  humus  and 
containing  a  moderate  amount  of  plant  residues  which  were  under- 
going decomposition,  such  a  change  did  not  result,  if  at  all,  to  a  prac- 

'A  bushel  of  air-slacked  lime  is  nsnally  considered  to  weigh  50  pounds. 
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tical  extent  For  this  reason  and  on  account  of  the  fact  that  gypsum 
contains  only  about  one-third  as  much  lime  as  burned  lime,  and  usually 
costs  as  much  or  more  per  ton,  it  can  not  take  the  place  of  the  latter 
for  most  purposes  where  lime  is  applied  to  land. 

For  use  in  renovating  ^^  black  alkali^  (sodium  carbonate)  soils  in  the 
arid  regions,  gypsum,  as  already  explained,  performs  a  valuable  func- 
tion which  can  not  be  filled  by  any  of  the  other  forms  of  lime. 

Chalk  is  a  naturally  occurring  form  of  carbonate  of  lime  which  is 
exceptionally  pure.  It  is  quite  wfk,  and  is  frequently  referred  to  as 
marl. 

Karl  is  a  name  which  is  applied  to  earthy  deposits  usually  more  or 
less  friable  in  their  character  and  containing  carbonate  of  lime  in 
quantities  ranging  usually  from  5  to  95  pounds  per  100  pounds  of  the 
mateiial.  It  must  be  evident,  therefore,  that  if  one  intends  to  make 
use  of  a  given  deposit  of  marl  for  the  lime  contained  in  it,  he  should 
first  have  a  sample  of  it  analyzed.*  If  the  material  will  not  effervesce 
upon  the  addition  of  vinegar,  it  probably  contains  but  little  carbonate 
of  lime  and  may  be  of  doubtful  value.  This  test  should  precede,  and 
not  be  substituted  for,  a  careful  chemical  analysis. 

On  account  of  the  varying  chemical  composition  of  marl,  it  must  be 
obvious  also  that  no  definite  rules  as  to  the  amounts  which  should  be 
used  in  given  cases  can  be  stated.  On  a  soil  where  one  had  reason  to 
think  a  ton  of  burned  lime  should  be  applied  per  acre,  about  four  tons 
of  a  marl  containing  from  20  to  25  per  cent  of  actual  lime  (calcium 
oxid)  should  be  employed.  If  the  marl  is  twice  as  rich  the  amount 
applied  should  be  but  two  tons,  etc. 

Marls  vary  somewhat  in  their  physical  characteristics,  depending 
upon  the  amounts  and  character  of  the  earthy  material  associated  with 
the  carbonate  of  lime.  If  the  marl  is  associated  with  clay  it  is  exception- 
ally well  adapted  for  use  on  sandy  soils,  since  the  clay  and  carbonate  of 
lime  both  tend  to  make  such  soils  more  compact  and  retentive  of  manures 
and  moisture.  A  marl  containing  sand  would,  on  the  other  hand,  be 
better  suited  to  clayey  soils.  According  tt)  Heinrich,  sand  marl  may  be 
applied  to  the  soil  immediately,  but  clay  marls  sometimes  contain  injuri- 
ous compounds  of  iron  and  sulphur,  in  which  case  it  is  not  safe  to  use 
them  until  they  have  been  composted  for  two  or  three  years,  or  long 
enough  to  effect  the  decomposition  of  the  iron  compounds. 

Some  so-called  marls  contain  considerable  quantities  of  phosphoric 
acid  and  potash  in  such  forms  as  to  greatly  enhance  their  fertilizing 
value. 

Phofphate  of  lime  is  found  as  bone,  guano,  apatite,  and  in  the  form  of 
the  well-known  South  Carolina,  Florida,  and  Tennessee  phosphate  roi*.k. 
The  better  classes  of  phosphate  rock  contain  but  small  quantities  of 
carbonate  of  lime,  while  others  contain  large  amounts.  The  latter  are 
unfitted  on  this  account  for  superphosphate  manufacture.    Both  classes 

>  The  experiment  stations  in  the  different  States  would  probably  undertake  to  do 
this  free  of  cost. 
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of  phosphate  when  groand  findy  have  been  fonnd  to  be  effectiye  upon 
acid  soils,  particular  attention  having  been  devoted  to  their  employ- 
ment on  acid  muck  or  i>eat  soils.  They  not  only  seem  to  materially 
reduce  the  acid  character  of  such  soils,  but  after  having  been  in  contact 
with  the  soil  for  some  time  the  assimilability  of  the  phosphoric  acid 
seems  to  become  materially  increased.  The  lower-grade  phosphates 
containing  considerable  quantities  of  carbonate  of  lime  are  particularly 
effective  upon  acid  soils. 

In  employing  undissolved  phosphate  rock  upon  acid  soils,  good 
authorities  recommend  followiug  the  application  of  the  phosphate  at  an 
interval  of  some  months,  or,  if  possible,  a  vear,  with  a  dressing  of  Hme. 
This  seems  to  be  a  reasonable  recommendation  in  connection  with  cer- 
tain plants  which  are  indifferent  to  acid  conditions. 

Snperphosphatefl,  which  are  prepared  by  treating  phosphate  rock,  bone, 
and  boneblack  with  sulphuric  acid,  generally  have  about  one-third  of 
their  lime  combined  with  phosphoric  acid  and  two-thirds  with  sulphuric 
acid.  The  lime  combined  with  sulphuric  acid  is  nothing  more  nor  less 
than  gypsum  (land  plaster).  For  this  reason  superphosphates  fre- 
quently do  not  work  as  well  on  acid  soil  as  ordinary  undissolved  phos- 
phate rock  or  ground  bone,  and  if,  as  is  sometimes  the  case,  a  slight 
excess  of  sulphuric  acid  is  present  they  may  even  exert  an  injurious 
action  on  soils  devoid  of  carbonate  of  lime. 

Bade  8lag  (Thomas  slag  or  slag  meal)  is  a  waste  product  obtained  in 
the  manufacture  of  steel.  It  contains  relatively  more  lime  than  the 
ordinary  high-grade  phosphates,  and  the  phosphoric  acid  in  most 
cases  (a  few  works  have  put  an  inferior  product  on  the  European  mar- 
ket) is  possessed  of  a  high  degree  of  assimilability.  This  product  is 
as  yet  little  known  in  this  country,  but  if  sold  as  cheaply  as  it  might 
be  it  will  doubtless  prove  of  great  value  to  our  agriculture.  It  is  an 
effective  source  of  phosphoric  acid  for  use  upon  all  kinds  of  soils,  and 
on  account  of  its  lime  it  is  of  special  promise  iu  the  reclamation  of 
exhausted  acid  soils,  particularly  such  as  are  rich  in  organic  matter, 
like  many  marsh  or  muck  soUs. 

Unleaohed  wood  ashes  contain  about  35  pounds  of  actual  lime  (calcium 
oxid)  in  every  hundred,  three  tons  being,  therefore,  a  little  more  than 
equivalent,  in  lime,  to  one  ton  of  burned  lime.  They  also  contain  from 
5  to  7  per  cent  of  potash,  1  to  2  per  cent  of  phosphoric  acid,  and  from 
3  to  5  per  cent  of  magnesia.  This  latter  ingredient,  though  usually 
Ignored,  is,  when  not  present  in  too  great  proportions,  of  approximately 
as  much  value  as  lime  on  acid  soil.  Magnesia  is  sometimes  lacking  in 
soils.  When  applied  to  such  soils  it  seems  to  have  a  direct  manurial 
action. 

Leached  wood  ashes  contain  usually  less  than  1  per  cent  of  potash  and 
rather  more  lime  than  unleached  ashes.  Frequently  they  are  sold  in 
a  wet  condition,  which  of  course  lowers  the  quantity  of  actual  lime 
present  in  a  ton. 
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Limftkilii  ashes  often  contain  approximately  40  per  cent  of  lime,  and 
when  wood  is  employed  in  the  burning  instead  of  coal  they  sometimes 
contain  2  per  cent  or  more  of  iK>tash. 

Finely  ground  limestone  and  oyster  shells  can  be  used  to  advantage,  if 
obtainable,  bnt  they  are  not  as  efficacious  as  after  burning,  for  the 
reason  that  they  are  not  so  active  chemically,  nor  can  they  be  reduced 
to  so  fine  a  state  before  burning  as  afterward. 

DyeJionse  lime  usnally  contains  only  a  small  percentage  of  lime,  and 
if  moist  can  not  be  transported  long  distances  at  a  profit.  A  rule  that 
applies  well  to  this  and  all  other  waste  products  of  a  similar  character 
is  not  to  use  them  until  they  have  been  subjected  to  chemical  analysis, 
for  by  changes  in  processes  of  manufacture  their  value  may  be  mate- 
rially influenced  and  substances  ii\jurions  to  vegetation  may  have 
found  access  to  them. 

Oas-hovse  lime. — It  is  never  safe  to  use  this  substance  until  it  has  first 
been  allowed  to  weather  for  several  months.  On  acid  soils  lime  in  this 
form  is  less  efi'ective  than  that  in  form  of  burned  lime,  wood  ashes,  and 
limekiln  ashes.  Owing  to  recent  changes  in  the  process  of  gas  manu- 
facture, lime  is  less  used  than  formerly. 

Waste  lime  firom  beetpsogar  ftotories  may  be  effectively  applied  to  soils 
after  it  has  been  allowed  to  dry.  It  contains  some  potash,  phosphoric 
acid,  and  nitrogen,  which  still  further  increases  its  value.  If  this 
material  is  applied  to  the  soil  in  a  wet  condition,  it  tends  to  cake  in  the 
same  manner  as  water-slacked  lime  does  when  not  immediately  worked 
into  the  soil.  It  is  sometimes  put  in  piles  by  itself  and  worked  over 
every  few  weeks.  It  may  also  be  dumped  in  the  field  during  the  winter 
in  small  piles,  where  it  is  allowed  to  remain  until  spring,  when,  after 
drying  sufficiently,  it  may  be  spread  and  incorporated  into  the  soiL 
According  to  Heinrloh,  this  material  contains :  Water,  35  to  60  per  cent; 
nitrogen,  0.1  to  0.4;  potash,  0.1  to  0.3;  phosphoric  acid,  0.5  to  1.5,  and 
lime,  15  to  30  x>er  cent.  It  is  evident  that  this  waste  material  in  its 
moist  condition  could  not  be  transported  to  any  considerable  distance 
at  a  profit,  and  in  this  country,  where  labor  is  such  an  important  item, 
it  would  not  pay  to  shovel  it  overmuch  in  order  to  get  it  into  condition 
to  use. 

Waste  lime  firom  soda-ash  works  usually  contains  considerable  water, 
and  can  for  this  reason  only  be  employed  to  advantage  where  the  cost 
of  transportation  is  small.  If  some  economical  means  of  drying  it  could 
be  devised,  the  range  of  distance  to  which  it  could  be  profitably  shipped 
would  be  much  increased. 

From  the  preceding  statements  regarding  the  different  forms  of  lime 
used  for  agricultural  purposes  it  is  evident  that  it  is  impossible  to 
state  definitely  for  all  locations  and  conditions  which  form  is  most 
economical  to  employ.  The  character  of  the  soil  and  of  the  crop  to  be 
grown,  as  well  as  the  market  prices  prevailing,  must  be  taken  into 
account,  as  well  as  the  form  of  lime.    Oanstic  or  quicklime  is  the  most 
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concentrated  form,  and  consequently  the  most  economical  to  b9>ndle.  Its 
caustic  properties,  however,  render  it  more  vigorous  in  its  action  than 
the  milder  sulphate  (gypsum)  or  carbonates  (limestone,  chalk,  wood 
ashes,  marl,  etc.),  and  thus  better  suited  for  application  to  soils  which 
are  rich  in  organic  matter  than  to  poor  soils  deficient  in  this  substance. 
For  the  same  reason,  however,  it  is  especially  suited  to  correcting  acid- 
ity in  sour  soils.  There  may  be  special  reasons  in  particular  cases^ 
however,  why  some  of  the  other  forms  of  lime  are  preferable  to  quick- 
lime. Gypsum  has  been  used  to  a  considerable  extent  with  very  satis- 
factory results.  On  account  of  its  peculiar  composition  it  has  been 
found  especially  valuable  for  neutralizing  sodium  carbonate  (black 
alkali)  in  alkali  soils.  Wood  ashes  are  extensively  used  in  some  local- 
ities, in  many  cases  as  much  for  the  lime  as  for  the  potash  which  they 
contain.  It  is  very  doubtful,  however,  whether  it  would  not  be  more 
economical,  at  the  present  prices  of  wood  ashes  and  caustic  lime,  to 
employ  the  latter  in  the  majority  of  cases,  supplementing  the  lime  with 
potash  salts  and  other  fertilizing  materials  if  the  latter  are  required  by 
the  soil.^  The  item  of  transportation  is  also  decidedly  in  favor  of  the 
use  of  lime  and  fertilizer  chemicals  as  substitutes  for  ashes. 

SUMMAET. 

The  use  of  lime  as  a  soil  improver  is  very  ancient,  and  its  value  for 
this  purpose  is  generally  recognized.  Its  action  as  a  fertilizer  is  both 
direct  and  indirect. 

There  are  many  soils  in  which  lime  is  deficient,  notably  in  soils 
derived  from  granite,  mica  schist,  and  sandstone  formations.  On  such 
soils  lime  is  of  direct  value  in  supplying  a  necessary  element  of  plant 
food. 

The  indirect  value  of  lime  is  perhaps  more  important  than  its  direct 
action,  because  probably  the  majority  of  cultivated  soils  contain  suf- 
ficient lime  to  meet  the  direct  demands  of  plants.  Lime  is  of  indirect 
value  in  unlocking  the  unavailable  potash,  phosphoric  acid,  and  nitro- 
gen in  the  soil. 

Lime  exerts  a  decided  infiuence  on  the  mechanical  condition  of  soils, 
rendering  heavy  compact  soils  looser  in  texture  and  tending  to  bind 
particles  of  loose  leachy  soils. 

Lime  is  also  beneficial  in  furnishing  conditious  in  the  soil  favorable 
to  the  activity  of  the  micro-organisms  which  convert  the  nitrogen  of 
organic  matter  into  nitrates  which  are  readily  assimilated  by  plants, 
which  decompose  organic  matter,  and  which  assist  leguminous  plants  to 
assimilate  the  free  nitrogen  of  the  air. 

One  form  of  lime,  gypsam,  has  been  shown  to  be  a  most  effective 
corrective  of  black  alkali,  found  in  some  of  the  soils  of  the  arid  portions 
of  the  United  States. 

The  continued  use  of  lime  unaccompanied  by  other  fertilizers  may 
prove  injurious,  especially  on  poor  soils,  since  it  converts  the  insoluble 

» U.  S.  Dept.  Agr.,  Farmers'  Bui.  65  (Experiment  Station  Work— II),  p.  24, 
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nitrogen,  potash,  and  phosphoric-acid  compomids  of  the  soil  into  forms 
which  are  rapidly  taken  up  by  plants  or  washed  ont  in  the  drainage, 
and  thns  hastens  the  exhanstion  of  the  snpply  of  these  substances  in 
the  soil.  As  the  German  adage  states,  ^^  The  use  of  lime  without  manure 
makes  both  farm  and  farmer  poor.''  If  the  soil  is  not  abundantly  sup- 
plied with  organic  matter,  its  retentive  power  for  water  and  fertilizers 
may  be  seriously  reduced  on  account  of  the  destruction  of  the  organic 
matter  by  the  action  of  too  much  lime.  Soils  are  sometimes  injured  by 
applications  of  impure  forms  of  lime,  which  harden  like  cement  in  the 
soil,  or  of  those  which  contain  an  excessive  amount  of  magnesia. 

It  has  been  shown  that  even  many  upland  and  naturally  well-drained 
soils  apparently  in  good  condition  otherwise  are  so  sour  (acid)  that 
most  plants  will  not  thrive  on  them.  The  application  of  caustic  lime 
is  the  most  economical  and  effective  means  of  correcting  this  condition. 
According  to  experiments  made  by  the  Rhode  Island  Experiment  Sta- 
tion on  acid  soils  in  that  State,  the  plants  tested  may  be  classified  with 
regard  to  their  behavior  toward  lime  as  follows:  Plants  benefited  by 
liming — spinach,  lettuce,  beets  (all  kinds),  gumbo  (okra),  salsify  (vege- 
table oyster),  celery,  onion,  parsnip,  cauliflower,  cucumber,  eggplant, 
cantaloupe,  asparagus^  kohl-rabi,  cabbage,  dandelion,  Swedish  turnip, 
pepx>er,  x)ea,  peanut,  madynia,  tobacco,  sorghum,  alfalfa,  clover,  barley, 
wheat,  oats,  timothy,  and  Kentucky  blue  grass;  plants  injured  by  lim- 
ing— serradella,  watermelon,  blue  lupine,  and  common  sorrel  (Rumex 
acetosella);  plants  indifferent  to  liming — Indian  corn,  common  millet, 
Hungarian,  golden  millet,  rye,  potatoes,  carrots,  Ehode  Island  bent 
(grass),  and  redtop  (grass). 

Lime  may  be  applied  in  a  variety  of  forms,  among  which  are  caustic, 
or  burnt  lime,  or  quicklime,  which  should  contain  at  least  90  per  cent 
of  actual  lime  (GaO)  and  is  the  most  concentrated  form  of  tliis  mate- 
rial ;  gyi)sum,  or  land  plaster,  in  which  the  lime  is  in  the  form  of  the 
mild  sulphate;  ground  limestone  and  chalk,  in  which  the  lime  is  in  the 
form  of  the  mild  carbonate;  different  kinds  of  marl,  containing  varying 
proportions  of  sand  and  clay  and  from  5  to  95  per  cent  of  carbonate  of 
lime;  wood  ashes,  which  contain  from  30  to  35  per  cent  of  lime  in  the 
form  of  carbonate;  limekiln  ashes,  containing  about  40  per  cent  of 
lime;  and  waste  lime  from  gas  houses,  sugar-beet  factories,  etc.,  the 
composition  of  which  varies  with  the  process  of  manufacture. 

It  is  impossible  to  state  definitely  for  all  locations  and  conditions 
what  form  of  lime  is  cheapest  to  use.  Caustic,  or  quicklime,  is  the 
most  concentrated  form  and  consequently  the  most  economical  to 
handle.  On  account  of  its  caustic  properties  it  is  more  vigorous  in  its 
action  than  the  milder  sulphate  (gypsum)  or  carbonates  (limestone, 
chalk,  wood  ashes,  marl,  etc.).  There  may  be  special  reasons,  however, 
why  some  of  the  latter  forms  may  be  preferable.  For  instance,  gypsum, 
on  account  of  its  peculiar  composition,  has  been  found  to  be  a  specially 
valuable  corrective  of  black  alkali. 
18054— No.  77 2 
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The  frequency  with  which  limiDg  should  be  practiced  depends,  among 
other  things,  upon  the  character  of  the  soil  and  the  rate  of  application, 
the  number  of  years  involved  in  the  rotation  practiced,  the  plants 
grown  and  their  order  of  succession.  As  a  general  rule,  it  may  be 
stated  that  from  one-half  to  1^  tons  of  lime  i)er  acre  every  five  or  six 
years  is  sufficient.  Applications  of  two  or  three  tons  may,  however, 
be  advisable  in  case  of  very  acid  soils  which  are  to  be  seeded  down  and 
to  remain  in  grass  for  several  years.  The  practice  of  applying  small 
amounts  of  lime  at  somewhat  frequent  intervals  is  being  generally 
accepted  as  preferable  to  the  use  of  large  amounts  at  rare  intervals. 

Lime  in  the  form  of  carbonate  of  lime,  as  in  marl,  wood  ashes,  etc., 
can  usually  be  applied  with  safety  in  the  spring  or  at  any  other  season 
of  the  year,  but  autumn  is  always  the  safest  time  to  apply  caustic  or 
slacked  lime.  It  is  generally  considered  best  to  apply  the  lime  to  the 
soil  immediately  after  plowing  and  harrow  in  thoroughly.  Lime  which 
is  already  slacked  may  be  spread  upon  the  soil  directly  from  wagons  or 
carts,  or  dumped  into  heaps  and  then  spread  with  a  shovel,  although 
the  most  satisfactory  plan  in  such  cases  is  to  use  a  lime  spreader  or 
ordinary  grain  drill  with  fertilizer  attachment.  Where  a  lime  spreader 
or  similar  implement  is  not  available  the  burnt  lime  may  be  placed 
on  the  soil  in  piles  of  from  40  to  50  pounds  each,  covered  with  moist 
earth,  and  allowed  to  slack  before  being  spread  with  a  shovel.  Marls 
frequently  contain  injurious  compounds  and  should  therefore  be  allowed 
to  weather  for  some  time  in  the  field  before  being  incorporated  with 
the  soil.  The  same  is  true  of  gashouse  lime,  which  is  impregnated 
with  sulphur  compounds  which  are  injurious  to  plants. 

In  conclusion  it  may  be  said,  ascertain  first  whether  lime  is  needed. 
If  it  is,  apply  it  judiciously,  and  never  depend  upon  lime  alone  to 
maintain  the  fertility  of  the  soil,  for  all  of  the  ingredients  which  plants 
need  must  be  present  in  the  soil  to  insure  the  profitable  production  of 
crops. 
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LETTER  OF  TRANSMIHAL 


XJ.  S.  Dbpabtment  op  Agricultubb, 

Oppicb  op  Experiment'  Stations, 

Washingtony  D.  0.,  April  15 j  1898. 
Sib:  The  fifth  number  of  Experiment  Station  Work, prepared  under 
my  direction,  is  transmitted  herewith  with  the  recommendation  that  it 
be  published  as  a  Farmers'  Bulletin. 

EespectfoUy,  A.  C,  True, 

Director. 
Hon,  James  Wilson, 

Secretary  of  Agriculture. 
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EXPERIMENT  STATION  WORK-VI/ 


FRAUD  nr  FEBTIIIZEBS. 

The  value  of  commercial  fertilizers  annaally  used  in  the  TJnited 
States  is  estimated  at  from  $35,000,000  to  $40,000,000.  The  fertilizer 
industry  in  this  country  has  grown  to  these  proportions  within  fifty 
years.  It  was  but  natural  that  a  business  growing  so  rapidly  and 
offering  such  opportunities  and  temptations  for  fraud  and  imposition 
should  have  early  become  a  field  for  extensive  operations  of  unscrupu- 
lous and  dishonest  men.  Fraud  became  so  prevalent  as  the  industry 
develoi>ed  in  one  State  after  another  that  there  was  an  urgent  demand 
both  from  the  consumers  of  fertilizers  and  from  honest  manufacturers 
and  dealers  in  fertilizers  for  laws  providing  for  the  inspection  of  fertil- 
izers  with  a  view  to  the  prevention  or  the  detection  and  punishment 
of  fraud.  Every  State  in  which  commercial  fertilizers  are  used  to  any 
great  extent  has  now  provided  for  such  inspection  (see  p.  7).  The 
work  in  the  mtgority  of  cases  has  been  assigned  to  the  agricultural 
experiment  stations  of  the  different  States  and  forms  one  of  their  most 
important  and  exacting  duties.  In  some  cases  the  stations  cooperate 
with  the  State  boards  of  agriculture,  while  in  a  few  instances  the 
inspection  is  entirely  in  the  hands  of  the  latter  or  of  the  State  chemist 
Thousands  of  analyses  of  fertilizers  are  made  and  reported  by  the 
inspection  officials  each  year,  accompanied  in  most  cases  by  general 
information  relating  to  fertilizers.  These  reports  may  usually  be  had 
on  application  to  the  proper  officials  (see  p.  7). 

This  system  of  inspection  has  been  very  effective  in  repressing  fraud, 
but  it  has  by  no  means  eliminated  it  from  the  fertilizer  business.    The 

'This  is  the  sixth  nnmher  of  a  snbseries  of  brief  popular  bulletins  compiled  from 
the  published  reports  of  the  agricultural  experiment  stations  and  kindred  institu- 
tions in  this  and  other  countries.  The  chief  object  of  these  publications  is  to  dis- 
seminate throughout  the  country  information  regarding  experiments  at  the  different 
experiment  stations,  and  thus  to  acquaint  our  farmers  in  a  general  way  with  the 
progress  of  agricultural  investigation  on  its  practical  side.  The  results  herein 
reported  should  for  the  most  part  be  regarded  as  tentative  and  suggestive  rather 
than  conclusive.  Further  Experiments  may  modify  them,  and  experience  alone  can 
show  how  far  they  will  be  useful  in  actual  practice.  The  work  of  the  stations  must 
not  be  depended  on  to  produce  '^ rules  for  farming/'  How  to  apply  the  results  of 
experiments  to  his  own  conditions  will  ever  remain  the  problem  of  the  individual 
farmer. — A.  C.  Truk,  Director,  Office  «»f  Kx])erinient  .Stations. 
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man  who  peddles  a  worthless  ^<  formula"  at  an  exorbitant  price  or 
exploits  under  a  high-sounding  name  a  mixture  which  has  little  or  no 
value  as  a  fertilizer  is  still  abroad  in  the  land. 
As  a  bulletin  of  the  Maine  Station  states — 

There  are  two  claims  which  generally  characterize  the  representations  of  the  com- 
panies and  agents  selling  these  qaestionable  goods: 

(1)  The  process  of  manofaotore  is  a  secret  one,  having  been  <' discovered"  by  some 
one  who  is  generally  unknown  either  to  science  or  practice. 

(2)  The  "fertilizer/' or  "food,"  either  contains  ingredients  of  which  the  whole 
world,  outside  of  a  favored  few,  is  ignorant,  or  else  certain  ingredients  are  so  won- 
derfully compounded  as  to  produce  marvelons  results. 

The  inspectors  of  fertilizers  report  examples  of  this  from  all  parts  of 
the  country.  The  mere  existence  of  such  "business"  proves  that  in 
spite  of  the  work  of  inspection  officials  there  are  still  persons  who  allow 
themselves  to  be  imposed  upon  by  extraordinary  claims  or  plausible 
representations.  There  is  abundant  evidence  that  through  credulity, 
lack  of  accurate  knowledge,  and  hasty  judgment  the  farmers  of  the 
country  suiter  to  a  considerable  extent  each  year  at  the  hands  of 
"agents"  of  such  business. 

As  the  Maine  Station  bulletin  already  quoted  states,  "in  too  many 
instances  the  goods  are  first  bought  for  cash  or  on  credit,  invariably  at 
an  unusually  large  price,  and  then  after  the  act  is  past  recalling  iufor- 
m^ation  is  sought  as  to  the  character  and  value  of  the  < fertilizer' or 
*food'  purchased.  If  accurate  information  were  first  obtained  in  these 
cases,  there  would  be  less  of  these  transactions  where  value  is  not 
received  for  the  money  paid."  Such  information  can  always  be  had  for 
the  asking  from  the  agricultural  experiment  stations  or  from  the  officials 
charged  with  the  inspection  of  fertilizers  in  the  different  States.  (See 
list  on  p.  7.) 

In  a  recent  bulletin  relating  to  a  fraudulent  fertilizer  "formula,"  the 
North  Carolina  Station  says: 

The  farmers  of  the  State  are  urgently  advised  not  to  pay  any  money  for  fertilizing 
formulas,  as  the  station  is  ready  and  willing  to  suggest  any  mixture  for  any  crop, 
using  any  materials  at  hand  or  most  convenient  to  be  had.  It  has  in  the  past  dis- 
tributed many  hundreds  of  these  formulas,  and  is  distributing  them  every  day. 
These  formulas  are  sent  entirely  free,  aud  are  made  up  in  proportions  that  are  known 
to  be  correct,  not  only  from  a  scientific  but  a  practical  standpoint.  Of  what  earthly 
use  is  it  to  buy  from  a  man,  at  a  high  price,  a  set  of  figures  which  nine  times  out 
of  ten  is  incorrect  and,  even  if  correct,  could  be  had  by  application  to  the  station 
without  costf 

There  is  a  large  class  of  fertilizers  on  the  market  which  are  not  strictly 
fraudulent,  although  extravagant  claims  are  made  for  them.  They  are 
often  sold  at  low  prices  but  are  nevertheless  very  expensive.  They 
are  sold  at  low  prices  because  they  contain  very  small  amounts  of  ferti- 
lizing constituents  in  the  form  of  low-grade  materials,  the  greater  part 
of  the  mixture  being  worthless  makeweight.  It  may  be  laid  down 
as  a  general  rule  that  such  low-grade  fertilizers  are  actually  more 
expensive  than  high-grade  goods.    It  costs  just  as  much  to  mix,  bag, 
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and  ship  a  ton  of  material  fhrniBhing  50  pouDds  of  actaal  fertilizing 
constituents  (phosphoric  acid,  potash,  and  nitrogen)  as  it  does  the  same 
amonnt  of  a  fertilizer  famishing  500  pounds  of  valuable  constituents. 
The  farmer  therefore  must  be  guided  not  by  the  price  per  ton,  but  by 
the  actual  amounts  of  fertilizing  constituents  which  the  fertilizer  con- 
tains and  tbe  requirements  of  his  own  crops  and  soils. 

The  purchaser  of  fertilizers  is  generally,  but  not  always,  justified  in 
regarding  with  suspicion  a  fertilizer  for  which  extraordinary  claims  are 
made.  While  the  best  fertilizing  materials — superphosphates,  potash 
salts,  nitrates  and  ammonia  sialts,  Industrial  by  products  such  as  tank- 
age, dried  blood,  cotton-seed  meal,  etc. — have  become  standard  articles 
of  commerce  and  there  is  no  good  reason  why  fertilizers  compounded 
from  them  should  not  stand  on  their  merits  and  be  sold  under  easily 
understood  names,  absurd  names  and  extravagant  claims  have  in  many 
cases  cast  suspicion  upon  mixtures  of  these  standard  articles  which 
are  really  high-grade  fertilizers.  This  practice  partakes  of  the  nature 
of  quackery,  and,  as  Dr.  C,  W,  Dabuey  has  stated,  "the  nostrum  excites 
the  suspicion  of  the  sensible  man;. the  staple  article  inspires  his  con- 
fidence."   For  this  reason,  as  Dr.  Dabney  further  states — 

Fanners  who  take  their  life  work  Berionsly  and  study  earnestly  the  experimental 
work  of  the  State  stations,  for  the  purpose  of  informing  themselves  witli  regard  to 
the  useful  ingredients  of  fertilizers,  the  proper  method  of  applying  them,  and  snoh 
matters,  »  «  •  ^^^  getting  more  and  more  into  the  habit  of  buying  the  raw 
materials  for  fertilizers  and  mixing  them  themselves,  or  else  they  have  a  compound 
mixed  at  a  factory  according  to  their  own  formula  and  from  materials  of  their  own 
selection. 

For  the  convenience  of  those  desiring  information  and  advice  regard- 
ing fertilizers  the  following  list  of  official  insx>ectors  of  fertilizers  is 
given : 

Official  in$peoiora  offertiHzer$, 

Jldbama, — Commissioner  of  Agriculture,  Montgomery. 

ArkaMos.—StAte  Chemist,  Arkansas  Industrial  University,  Fayetteville. 

C<miieo(lcttt.— Director,  Agricultural  Experiment  Station,  New  Haven. 

Delaware. — State  Chemist,  Delaware  College  Agricultural  Experiment  Station, 
Newark. 

Florida. — Commissioner  of  Agriculture,  Tallahassee. 

Georgia. — Commissioner  of  Agriculture,  Atlanta. 

Ulinois. — Secretary  of  the  Board  of  Agriculture,  Springfield. 

Indiana. — State  Chemist,  Purdue  University,  Lafayette. 

Eentuck^. ^DiiectoTf  Agricultural  Experiment  Station,  Lexington. 

Louisiana. — Commissioner  of  Agriculture  and  Immigration,  Baton  Rouge. 

Maine. — Director,  Agricultural  Experiment  Station,  Orono. 

Maryland, — State  Chemist,  Maryland  Agricultural  Experiment  Station,  College 
Park. 

Ma884ichueett8,^8tAte  Chemist,  Hatch  Agricultural  Experimetit  Station,  Amherst. 

Michigan. — State  Chemist,  Midhig^an  Agricultural  College,  Agricultural  College. 

Misiieeippi. — State  Chemist,  Mississippi  Agricultural  and  Mechanical  College,  Agri- 
cultural College. 

Missouri, — Director,  Agricultural  Experiment  Station,  Columbia. 

New  JSomjMiUre.— Secretary  of  the  State  Board  of  Agriculture,  Concord. 
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NewJerBejf. — Direotor,  New  Jersey  Agricultural  Experiment  Station,  New  Brunswick. 
New  York, — Director,  New  York  Agricultural  Experiment  Station,  Geneva. 
North  CaroKjia.— Commissioner  of  Agriculture,  Raleigb. 
Ohio. — Secretary  of  the  Board  of  Agriculture,  Columbus. 
Pennsylvania, — Secretary  of  Agriculture,  Harrisburg. 
Bhode  /«Zafu2.— Secretary  of  the  Board  of  Agriculture,  Providence. 
South  Carolina. — Secretary,  Fertilizer  Department,  Clems6n  College. 
Tefineff«0e.— Commissioner  of  Agriculture,  Nashville. 

Vermont, — Director  and  Chemist  of  the  Agricultural  Experiment  Station,  Burlington. 
Virginia, — Commissioner  of  Agriculture,  Richmond. 

West  Virginia, — Director,  West  Virginia  Agricultural  Experiment  Station,  Morgan- 
town. 
Wisconsin, — Chief  Chemist,  Agricultural  Experiment  Station,  Madison. 


THE  SUGAE-BEET  nTDUSTET  IS  THE  UNITED  STATES. 

Sagar  is  a  prime  necessity  in  every  household.  In  1896  the  United 
States  consumed  about  1,960,000  tons  of  sugar,  or  about  62  pounds  per 
head  annually.  Of  this  amount  over  1,670,000  tons  came  from  abroad. 
The  desire  to  meet,  at  least  in  part,  this  enormous  demand  for  sugar 
by  home  production  has  led  to  efforts  by  the  Department  of  Agricul- 
ture, the  experiment  stations,  and  similar  institutions  to  demonstrate 
the  feasibility  of  supplementing  the  sugar  industry  of  Louisiana  by  a 
sugar-beet  industry.  As  a  result  of  these  efforts  the  culture  of  sugar 
beets  for  sugar-making  purposes  is  receiving  widespread  attention  in 
the  United  States  at  the  present  time.  Many  of  the  experiment  sta- 
tions have  carried  on  experiments  in  the  culture  of  sugar  beets  for  sev- 
eral years  past  with  very  encouraging  results,  and  at  present  a  large 
minority  of  the  stations  in  the  country  are  studying  the  subject.  The 
experiment  stations  of  Arizona,  Colorado,  Illinois,  Indiana,  Iowa,  Kan- 
sas, Michigan,  Missouri,  New  York,  Ohio,  Oregon,  Pennsylvania,  South 
Dakota,  Utah,  Washington,  Wisconsin,  and  Wyoming  have  recently 
issued  bulletins  on  the  subject  of  sugar  beets.  The  United  States 
Department  of  Agriculture  has  cooperated  with  the  stations  in  this 
work  and  has  just  reported  the  results  of  experiments  during  1897  in 
almost  every  State  and  Territory. 

These  experiments  have  shown  that  there  are  wide  areas  in  the 
United  States  adapted  by  soil  and  climate  to  the  growth  of  sugar  beets. 
While  the  beet  has  generally  attained  its  greatest  perfection  in  what 
are  called  north  temperate  latitudes,  the  tests  which  have  been  made 
in  different  parts  of  the  United  States  show  that  the  lines  must  not  be 
drawn  too  closely  in  this  respect.  Beets  of  excellent  quality  have  been 
grown  in  regions  having  very  dissimilar  climates.  For  a  large  part  of 
the  United  States  the  amount  and  distribution  of  rainfall  or  other  sup- 
plies of  water  seem  more  important  considerations  than  the  temperature^. 
An  average  of  2  to  4  inches  of  water  per  month  during  the  summer  is 
considered  necessary  for  the  normal  growth  of  beets,  bu(  it  is  especially 
important  that  the  weather  should  remain  dry  during  the  ripening  and 
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harvestiiig  of  the  beeta,  otherwise  new  growth  will  start  aud  the  sagar 
rapidly  disappear.  Where  irrigation  is  practiced  the  water  supply  is, 
of  coarse,  under  control,  and  experiments  in  the  irrigated  region  of  the 
United  States  have  shown  that  beets  of  fine  quality  can  be  produced 
with  an  artificial  water  supply.  The  Colorado  Station  has  found  that 
in  order  to  secure  good  beets  the  last  irrigation  should  be  made  about 
six  weeks  before  maturity. 

^^In  general  it  may  be  said  that  any  soil  which  will  produce  a  good 
crop  of  Indian  corn,  wheat,  or  potatoes  will,  under  proper  cultivation, 
produce  a  good  crop  of  sugar  beets.  The  soil  on  which  sugar  beets 
are  grown,  however,  should  be  reasonably  level,  and  this  being  the 
case  it  should  be  well  drained."  The  draft  of  the  sugar  beet  upon  the 
soil  is  not  great  provided  the  tops  and  factory  by-products  are  returned 
to  the  farm. 

The  varieties  of  beets  which  have  been  most  widely  tested  and  have 
given  the  most  satisfactory  results  are  White  Improved  Vilmorin  aud 
Kleinwanzlebeuer.  Seeds  are  now  imported  almost  exclusively,  but 
farmers  and  seedsmen  might  profitably  turn  their  attention  to  the 
raising  of  seed. 

It  is  not  the  purpose  of  this  article  to  enter  in  detail  into  methods 
of  culture.  These  are  explained  in  full  in  a  bulletin  of  this  Depart- 
ment.^ It  suffices  to  state  here  that  the  object  kept  constantly  in  mind 
should  be  the  production  of  a  beet  of  a  high  sugar  content  and  paying 
yield.  It  must  always  be  borne  in  mind  that  the  largest  beets  are  not 
the  sweetest.  Any  undue  increase  in  the  size  is  almost  sure  to  be 
accompanied  by  a  decrease  in  sugar  content.  Beets  weighing  from  1 
to  2  pounds  are  considered  the  best  for  sugar  making.  When  beets 
are  paid  for  by  the  ton  it  is  of  course  to  the  farmer's  advantage  to 
secure  as  large  a  jrield  as  possible,>ut  the  manufacturer  at  the  same 
time  has  a  right  to  demand  that  quality  shall  not  be  sacrificed  to  size, 
and  that  the  beets  which  he  buys  shall  contain  a  sufficiently  high  per- 
centage of  sugar  to  make  manufacture  profitable. 

In  order  to  secure  such  beets  it  is  absolutely  essential  to  deeply  and 
thoroughly  prepare  the  soil.  No  i'aet  has  been  more  clearly  brought 
oat  by  experiment  than  this.  <^It  is  of  the  highest  importance  that  the 
land  intended  for  beet  raising  should  be  plowed  deeply  enough  to 
permit  the  beet  to  develop  its  normal  shape  and  still  not  protrude  above 
the  ground.  The  soil  should  be  loosened  to  a  depth  of  not  less  than 
16  inches."^  It  is  probable  that  neglect  to  observe  this  precaution  has 
been  responsible  for  a  large  part  of  the  failures  to  produce  beets  of 
good  quality  which  have  been  reported  from  different  localities.  Some 
of  the  eftects  of  an  improperly  prepared  soil  are  shown  in  the  accom- 
panying illustration  on  page  10  (fig.  1). 

From  what  has  been  said  it  is  evident  that  there  must  be  mutual 

lU:  S.  Dept.  Agr.,  Farmers'  Bui.  52. 
'Indiana  Sta.  Bui.  68. 


Digitized  by  VjOOQ IC 


10 

understanding  and  cooperation  between  the  fanner  and  the  manufac- 
turer. As  soon  as  farmers  in  a  given  locality  can  demonstrate  their 
ability  to  grow  a  beet  of  high  sugar  content  and  will  bind  themselves 
to  supply  such  beets  in  the  necessary  quantities,  manufacturers  will 
not  be  slow  to  establish  factories  wherever  the  other  conditions  (of 
location,  transportation,  etc. )  are  favorable.  ^^  The  manufacture  of  beet 
sugar  is  an  industry  entirely  distinct  from  agriculture,  and  can  only  be 
successfully  accomnlished  by  the  investment  of  large  capital  under  the 


Fig.  1. — Different-shaped  beets:  J.,  a  well-shaped  beet  grown  in  good  soil  with  a  porous  subsoil,  15 
Der  oent  waste  in  trimming ;  B^  a  poorer-shaped  beet,  the  result  of  a  hard  subsoil  or  other  unfavorable 
conditions  which  oaoaed  the  root  to  grow  mostly  near  or  above  the  surface  of  the  ground,  33  per  cent 
waste  in  trimming ;  (7,  a  very  large  beet  grown  in  rich  soil  and  well  tilled,  but  subsoil  too  hard  and 
beets  allowed  too  much  room.    (Adopted  from  New  York  Cornell  Station  Bui.  143.) 

direction  of  skilled  artisans.  From  the  nature  of  the  process  it  is  quite 
improbable  that  any  simple  method  of  home  manufacture  of  beet  sugar 
will  ever  prove  commercially  successful.  •  •  •  The  farmers  of  this 
country,  as  is  the  case  with  those  of  Europe,  in  respect  of  the  beet- 
sugar  industry,  must  be  satisfied  with  acquiring  the  requisite  degree 
of  agricultural  skill  to  produce  a  crop  of  beets  with  a  paying  tonnage 
and  a  high  content  of  sugar."  ^ 

'  U.  S.  Dept.  Agr.  Farmertt'  Bui.  52 
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In  order  that  the  sagar-beet  industry  maybe  snocessfally  established 
in  the  United  States  it  will  be  nedessary  to  determiue  definitely  the 
regions  especially  adapted  to  the  beet  and  to  confine  its  caltare 
to  those  areas..  It  will  also  be  necessary  for  the  farmer  to  learn  and 
practice  methods  of  caltare  which  will  prodace  a  beet  of  high  sagar 
content  and  fair  yield  per  acre.  As  a  bulletin  of  the  New  York  State 
Station  states,  ^*  Farmers  may  not  expect  to  realize  unusual  profits  for 
any  long  period  of  time  from  the  growing  of  sugar  beets.  The  crop 
promises  to  become  one  which  will  give  satisfactory  returns  to  those 
who  learn  to  grow  it  successfully.'^ 

As  a  recent  bulletin  of  the  Pennsylvania  Station  shows^the  estimates 
which  have  been  made  of  the  cost  of  raising  sugar  beets  are  very  vari- 
able, ranging  from  $20  to  $70  per  acre.  A  conservative  estimate  is 
probably  $30  to  $40  per  acre,  although  the  cost  of  production  will 
naturally  dei>end  upon  local  conditions,  and  especially  upon  the  expe- 
rience and  intelligence  of  the  grower.  The  general  experience  has 
been  that  the  second  year's  crop  is  more  cheaply  produced  than  that  of 
the  first  year.  If  $4  be  assumed  as  an  average  price  per  ton  for  the 
beets,  and  the  yield  from  10  to  15  tons,  the  total  value  of  the  crop  at 
the  factory  would  range  from  $40  to  $60  per  acre.  To  this  should  be 
added  the  value  of  the  di£fusion  residue  or  pulp  from  the  factory  which 
forms  a  palatable  and  nutritious  food  for  stock. 

Farmers  can  well  afford  to  undertake  experiments  with  sugar  beets 
on  a  limited  scale  for  the  purpose  of  familiarizing  themselves  with 
methods  of  culture  and  of  determining  the  adaptability  of  their  soils  to 
the  production  of  beets.  Even  if  factories  are  not  established  to  work 
up  this  product  it  can  be  utilized  tx)  advantage  on  the  farm,  since  the 
beets  form  a  valuable  food  for  stock. 

SEEBnrO  OBASS  LAHD  WITHOUT  A  HUESE  CBOP. 

The  practice  of  sowing  grass  and  clover  seed  with  crops  of  grain  is  a 
very  common  on^  and  undoubtedly  has  many  advantages  on  rich  soils 
and  in  a  favorable  season,  the  most  marked  of  which  is  the  choking  out 
of  weeds  by  the  vigorous  growth  of  the  grain.  In  many  cases,  how- 
ever, this  method  fails.  Especially  is  this  true  in  dry  seasons  when  the 
sapply  of  moisture  is  frequently  insufficient  for  both  the  grain  crop  and 
the  grass.  In  this  case  the  grain  instead  of  acting  as  a  nurse  crop 
actually  robs  the  young  grass  plants  of  moisture,  and  thus  becomes 
injurious  instead  of  advantageous. 

The  claim  that  grass  and  clover  plants  need  protection  from  the  sun 
is  entirely  without  foundation.  As  the  Wisconsin  Station  has  shown, 
"  there  is  absolutely  no  necessity,  under  ordinary  conditions,  for  sow- 
ing oats,  barley,  or  any  other  grain  with  grasses  for  the  purpose  of 
yielding  shade  and  protection.  Young  grass  and  clover  plants  are  not 
injured  by  direct  sunlight  and  sun  heat  any  more  than  other  plants  of 
our  fields." 
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Experimeuts  by  the  Wisconsin  Station  daring  a  number  of  years 
have  shown  that  ^'  grasses  and  clover  sown  by  themselves  on  proi)erly 
prepared  soil  spring  np  at  once  and  make  rapid  growth,  bearing  seed 
heads  the  same  year.  If  all  conditions  as  to  fertility  of  soil,  moisture, 
etc.,  are  favorable,  a  very  excellent  crop  of  hay  can  be  secured  the  same 
season."  One  objection  to  this  method  of  seeding  grasses  is  the  pres 
ence  of  weeds,  but  these  can  usually  be  checked  by  running  a  mower 
over  the  fields  when  the  weeds  are  G  or  more  inches  high,  setting  the 
cutter  bar  so  that  the  tops  of  the  weeds  are  removed  while  the  grass 
plants  are  not  touched. 

In  order  that  this  method  of  culture  may  be  successful  the  soil  must 
be  quit«  free  fix^m  weed  seeds  and  of  fair  fertility.  It  should  be  care- 
fully prepared  before  seeding  and  from  two  to  three  times  the  usual 
amount  of  grass  seed  should  be  sown.  It  is  probably  best,  although 
not  fully  demonstrated,  to  sow  seed  very  early  in  the  spring.  Finally, 
it  is  of  the  greatest  importance  to  check  the  growth  of  weeds,  which 
may  be  done  by  the  method  noted  above. 

y  The  system  here  under  consideration  is  not  put  forth  as  suited  to 
every  farm  and  all  farmers,  but  eminently  adapted  to  meeting  the 
wants  of  those  who  desire  to  secure  with  the  least  possibility  of  failure 
a  fine  stand  of  grass  and  clover.  To  such  we  can  recommend  the  sys- 
tem as  having  been  sufficiently  tried  to  prove  satisfactory  when  prop- 
erly followed  out." 

The  results  obtained  by  the  Wisconsin  Station  have  in  general  been 
borne  out  by  those  of  similar  experiments  at  the  New  Jersey  Station. 
The  experiments  by  this  station,  however,  differed  from  those  con- 
ducted by  the  Wisconsin  Station  in  the  fact  that  at  the  former  the  seed 
was  sown  in  the  fall  instead  of  in  the  spring. 

ORAFTmO  APPLE  TEEES. 

Probably  no  topic  connected  with  apple  growing  has  received  more 
discussion  than  the  methods  of  grafting,  the  most  diverse  opinions 
being  held  by  nurserymen  and  apple  growers.  The  Kansas  Station 
has  recently  reported  experiments  in  which  some  important  points  in 
regard  to  root  grafting  apples  were  brought  out.  The  object  of  the 
work  was  to  determine  the  relative  merits  of  various  lengths  of  stock 
and  scion,  and  of  various  positions  of  the  graft  on  the  stock.  The 
tests  were  carried  through  a  number  of  years  and  in  all  several  thou- 
sand grafts  were  made.  The  stocks  used  were  all  No.  1  seedlings,  most 
of  which  were  regraded  to  get  a  uniform  lot.  The  scions  were  also  as 
uniform  as  possible. 

In  the  first  experiment  6-inch  Ben  Davis  scions  were  grafted  on  dif- 
ferent parts  of  roots.  The  tops  of  seedlings  were  cut  off  below  the 
crown  and  the  roots  cut  into  three  pieces.  One  hundred  grafts  were 
made  with  the  upper  parts  of  the  roots,  100  with  the  middle  parts,  and 
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100  with  the  lower  parts  or  tips  of  the  roots.  About  80  per  cent  of  the 
grafts  made  with  the  upper  and  middle  parts  of  the  roots  grew  and  at 
one  and  two  years  old  there  was  little  difference  between  the  trees 
grown  fircHn  them.  Of  the  grafts  made  with  the  root  tips  only  60  per 
cent  grew.  The  first  season  the  trees  of  this  lot  averaged  one-third 
less  in  height  than  the  other  lots  and  were  more  slender  and  weak. 
The  second  year  the  diflference  was  less  marked*  The  same  year  that 
the  above  experiment  was  b^^n  100  Ben  Davis  scions  2  feet  long  were 
gprafted  on  the  upper  parts  of  roots  cut  below  the  crown.  At  two  years 
old  these  trees  were  about  ooe-half  larger  and  stronger  than  the  trees 
from  6-inch  scions  on  similar  stocks.  If  any  of  the  tops  were  so  heavy 
as  to  necessitate  summer  pruning. 

In  1893  more  extensive  experiments  were  made.  Wine  Sap,  Missouri 
Pippin,  Ben  Davis,  and  Maiden  Blush  apples  were  used  in  each  series 
of  gn^ts  made.  Three  lengths  of  scions,  6, 12 j  and  24  inches,  were  used. 
With  each  kind  of  scion  four  lengths  of  stocks  were  used,  namely, 
piece  roots,  1^,  2^,  and  5  inches  long^  and  whole  roots.  For  all  piece- 
root  grafts  the  upper  parts  of  roots  were  used.  In  all  cases  except 
where  l^-inch  stocks  were  used  one-half  of  the  grafts  were  made 
1  inch  above  the  crown  and  the  other  half  below  the  crown.  Besides 
the  above,  a  number  of  grafts  were  made  on  2 j^-inch  piece  roots  of  small 
size.  In  all,  9,200  grafts  were  made.  The  gr^ts  were  set  in  nursery 
rows,  with  the  place  of  union  of  stock  and  scion  in  all  cases  about  3 
inches  below  the  surface  of  the  soil.  The  i)ercentage  of  loss  was  great, 
owing  to  the  very  unfavorable  sprifig  and  to  the  grafts  having  been 
stored  in  a  cellar  which  was  too  warm.  The  loss  with  the  whole  root 
grafts  was  least  and  increased  as  the  length  of  the  root  diminished. 
About  82  per  cent  of  the  whole-root  grafts  were  living  at  the  end  of  the 
first  year,  as  against  only  about  49  per  cent  of  the  5inch,  17  per  cent 
of  the  2^inch,  11  per  cent  of  the  small  2^inch,  and  6  per  cent  of  the 
l^-inch  piece-root  grafts.  From  measurements  made  at  the  end  of  the 
third  season  it  was  shown  that  the  greatest  growth  was  made  in  trees 
grafted  on  the  longest  stocks  and  that  the  growth  declined  gradually, 
though  slightly,  with  the  shorter  stocks,  being  about  11  per  cent  greater 
with  the  whole  root  than  with  the  l^inch  piece-root  grafts.  The  trees 
also  showed  a  tendency  to  make  the  best  .growth  from  the  longest  scions, 
the  growth  being  11  per  cent  greater  with  the  24-inch  scions  than  with 
the  6-inch  ones.  There  was  no  constant  difference  in  growth  between 
the  trees  grafted  above  the  crown  and  those  grafted  below  it. 

In  1894  the  above  experiment  was  repeated  in  part  with  Wine  Sap, 
Ben  Davis,  and  Missouri  Pippin  apples,  using  6, 12,  and  24  inch  scions 
on  whole  roots  ssad  5-inch  piece-root  stocks  grafted  above  and  below 
the  crown.  After  two  years'  growth  there  was  no  constant  difference 
between  the  trees  grafted  above  the  crown  and  those  grafted  below, 
either  as  regards  height  or  diameter.  The  length  of  the  stocks  and 
scions  had  a  marked  influence  on  the  growth,  the  difference  in  favor  of 
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the  long  stocks  and  long  scions  being  practically  constant  in  all  cases. 
The  height  of  2-year-old  trees  grafted  on  whole  roots  averaged  21  per 
cent  greater  than  on  5-inch  stocks  and  the  diameter  over  3  per  cent 
greater.  Trees  fhnn  24-inch  scions  averaged  10  per  cent  higher  than 
from  12-inch  scions  and  20  per  cent  higher  than  those  from  6-inch  scions. 
Their  diameters  were  27  per  cent  greater  than  the  trees  from  12-inch 
scions  aud  34  per  cent  greater  than  those  from  6-inch  scions.  These 
differences  were  not  nearly  so  marked  after  the  trees  had  made  three 
years'  growth,  the  diameter  of  the  trees  from  24-inch  scions  at  that 
time  averaging  only  6  per  cent  greater  than  those  from  the  12-inch 
scions  and  only  7  per  cent  greater  than  those  from  the  6-inch  scions,  as 
against  27  per  cent  aud  34  per  cent,  respectively,  after  two  years' 
growth. 

In  1895  grafts  were  made  with  12  and  6  inch  scions  on  whole  roots, 
5-inch  roots,  and  2^inch  roots,  grafted  above  aud  below  the  crown.  In 
addition,  a  stock  grafted  above  the  crown,  with  roots  cut  8  inches  long, 
was  tested.  After  two  years'  growth  no  constant  differences  were 
shown  in  fftvor  of  either  length  or  style  of  stock  or  of  grafting  either 
above  or  below  the  crown.  The  trees  from  12-inch  scions  were  invari- 
ably greater  in  height  and  diameter  than  those  from  6-inch  scions. 

An  experiment  in  root  grafting  was  made  by  F.  Wellhonse,  president 
of  the  Kansas  Horticultural  Society.  About  400  trees  each  of  Wine 
Sap,  Ben  Davis,  and  Missouri  Pippin  apples,  grafted  on  whole-root 
stocks,  were  set  in  the  orchard  together  with  trees  grafted  on  2-inch 
piece-root  stocks.  During  nineteen  years  no  difference  in  growth, 
vigor,  or  fruitfhlness  was  observed  between  them,  except  that  for  the 
first  six  or  eight  years  the  whole-root  trees  threw  up  from  their  roots 
more  water  spronts  than  the  piece-root  trees. 

These  tests  show  that  there  are  fairly  uniform  differences  in  the  first 
few  years'  growth  of  trees  in  favor  of  the  longer  scions  and  stocks,  but 
that  by  the  end  of  the  third  year's  growth  the  differences  largely  disap- 
pear, and  that  there  is  no  constant  difference  between  trees  grafted 
above  and  those  grafted  below  the  crown. 

Besides  the  observations  on  the  height  and  diameter  of  trees,  the 
Kansas  Station  has  also  reported  a  study  of  the  root  development  of 
grafted  trees.  It  was  found  that  the  main  root  growth  of  the  first  year 
from  all  lengths  of  stock  was  made  at  or  just  beloW  the  union  of  the 
stock  and  scion,  and  that  the  growth  at  this  point  became  more  pro- 
nounced in  the  second  and  third  years.  The  growth  from  the  lower 
portion  of  the  stock  was  very  slight  during  the  first  year,  and  became 
of  even  less  importance  during  the  second  and  third  years;  the  growth 
from  the  lower  part  of  the  stock  was  greatest  in  case  of  the  shorter 
piece  roots  and  least  in  case  of  the  whole  roots.  With  grafts  that  were 
buried  deeply,  a  new  system  of  side  roots  formed  at  about  the  usual 
depth  below  the  surface  of  the  soil,  to  the  more  or  less  complete  dwarf- 
ing of  the  lower  and  earlier  root  system.  This  is  shown  in  fig.  2,  which 
represents  the  root  development  from  a  whole-root  graft,  which  was 
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buried  aboat  5  inches  below  the  surface  of  the  soil.  The  whitened 
portion  of  the  root  is  the  original  stock.  The  other  roots  formed  from 
the  scion. 

All  these  experiments  go  to  show  that  the  ase  of  long  scions  and 
stocks  may  be  of  some  little  advantage  to  nurserymen  in  inducing  a 
better  growth  of  trees  during  the  first  two  or  three  years.  The  long 
scions  and  stocks  are,  however;  considerably  more  expensive  than  the 
shorter  ones.  Planting  whole  root  grafts  is  much  more  laborious  than 
planting  short  piece-root  grafts.  In  reporting  these  experiments  the 
authors  say  that  the  difference  in  growth  in  favor  of  the  longer  scions 
and  stocks  is  probably  not  sufficient  to  repay  the  extra  expense  made 
necessary  by  their  use. 
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Fig.  2.— Boot  gnft  of  apples. 

For  the  firuit  grower,  at  least  in  the  locality  of  the  Kansas  Station, 
the  longer  stocks  appear  to  have  no  advantage  over  the  shorter  ones, 
since  trees  produced  from  them  make  no  greater  growth  than  trees  from 
the  shorter  stocks  except  in  the  first  few  years.  The  fact  that  the 
greater  part  of  the  root  growth  is  made  from  the  upper  part  of  the 
stocks  is  evidence  that  the  long  stocks  serve  very  little  purpose.  The 
production  of  roots  firom  the  scion,  as  occurred  when  short  piece  roots 
were  used,  is  in  many  cases  a  direct  advantage,  since  seedling  stocks 
are  very  variable  in  hardiness  and  vigor  of  growth.  Under  the  con- 
ditions at  the  Kansas  Station  piece  roots  from  2  to  5  inches  long  are 
thought  to  give  the  best  results,  all  things  considered. 
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70BE8T  FIBES. 

Anyone  who  has  had  occasion  to  travel  through  the  great  forest 
regions  of  the  conntry  is  struck  with  the  tremendous  losses  due  to  fires. 
In  the  northern  pineries  and  the  coniferous  forests  of  the  far  West  vast 
areas  have  been  almost  denuded  of  trees,  blackened,  charred  stumps 
marking  the  place  where  valuable  timber  once  stood.  Kor  is  the  loss 
confined  to  the  destruction  of  merchantable  timber  alone.  Trees  of 
unmerchantable  size  and  seedlings  which,  if  protected,  would  have 
served  to  replace  the  timber  cut  under  rational  management,  are  de- 
stroyed and  the  ground  is  often  left  bare,  to  be  covered  with  weeds, 
grass,  and  less  valuable  trees.  If  upon  a  mountain  side,  watershed,  or 
similar  exposure,  the  soil  is  frequently  swept  away  by  the  rains  which, 
their  natural  barriers  being  removed,  sweep  down  with  torrential  force. 

The  causes  of  forest  fires  are  usually  attributed  to  accident  due  to 
sparks  from  engines,  carelessness  regarding  camp  fires,  clearing,  etc., 
but  not  a  few,  especially  in  the  West,  have  been  due  to  intentional  fir- 
ing, the  object  usually  being  to  secure  better  stock  ranges. 

The  losses  occasioned  by  the  destruction  of  merchantable  timber 
alone  amount  to  millions  of  dollars  each  year.  Definite  figures  for  the 
whole  country  are  not  obtainable,  but  the  estimated  loss  due  to  timber 
destroyed  by  forest  fires  in  the  State  of  Pennsylvania  is  more  than 
$500,000  annually.  To  this  must  be  added  the  value  of  fences  and 
buildings  destroyed  and  other  incidental  expenses.  This  is  probably  a 
low  estimate,  but  if  applied  to  all  the  States  in  the  same  proportion  the 
sum  would  appear  tremendously  large. 

We  are  warned  that  the  consumption  of  timber  in  this  country  under 
the  present  system  is  vastly  in  excess  of  the  production.  Such  a  state 
of  affairs  necessitates  some  system  of  forest  management.  Under  any 
system  the  question  of  fires  must  first  receive  attention.  In  47  States 
and  Territories  forestry  fire  laws  have  been  enacted,  but  many  of  them 
are  insuf&cient,  on  account  of  lack  of  sentiment  for  their  enforcement  or 
from  their  inadequacy. 

One  of  the  greatest  sources  of  danger  in  lumbering  regions  is  the 
presence  of  tops,  slashings,  and  debris.  If  these  are  looked  after, 
properly  piled  and  burned,  much  danger  will  be  avoided.  Such  a  plan 
is  said  to  have  been  tried  in  Canada  with  success.  In  the  Province  of 
Ontario  during  1895  it  is  said  that  the  feasibility  of  destroying  such 
waste  was  clearly  established.  The  protective  service  was  carried  on 
at  an  expense  of  about  3|  cents  per  1,000  feet  of  lumber  cut.  The 
expense  of  burning  waste  by  lumber  companies  was  estimated  at  $5 
per  square  mile.  If  these  figures  are  applied  to  the  three  great  lumber 
States  of  Michigan,  Wisconsin,  and  Minnesota,  it  is  claimed  that  a 
great  part  of  the  annual  loss  could  be  prevented  at  an  expense  of  about 
$100,000  for  each  State. 

The  stations  in  cooperation  with  this  Department  are  doing  much  to 
disseminate  correct  ideas  about  the  need  and  importance  of  conserving 


Digitized  by  VjOOQ IC 


17 

tiie  forest  resources  of  the  couDtry.  The  far-reaohing  effects  npon  agri- 
caltare,  as  well  as  apon  other  indastries,  of  the  destruction  of  forests 
make  this  a  question  which  demands  the  most  serious  consideration  of 
every  former. 

AKEBICAH  CLOVER  SEED. 

The  misrepresentation  to  which  American  clover  seed  has  been  sub- 
jected abroad  is  well  known  to  all  who  have  investigated  the  subject 
American  clover  has  been  reported  as  greatly  inferior  in  chemical  com- 
position to  that  grown  from  European  seed ;  it  is  claimed  to  be  less 
hardy,  and  that  stock  dislike  it  on  account  of  its  great  hairiness.  By 
reason  of  this  last  characteristic,  also,  the  plants  are  said  to  be  especially 
subject  to  fungus  diseases. 

In  1897  the  exports  of  clover  seed  were  valued  at  more  than  $1,000,- 
MK).  The  introduction  of  such  a  large  amount  of  seed  into  foreign 
countries  tended  to  lower  prices  there  somewhat,  and  almost  universal 
condemnation  of  the  American  seed  followed  in  the  agricultural  press 
of  the  Continent.  This  antagonism  recently  culminated  in  Austria- 
Hungary,  when  a  consignment  of  clover  seed,  valued  at  more  than 
$1,600,  was  excluded  and  sent  back  to  New  York,  the  explanation  being 
that  it  contained  seed  of  clover  dodder  (Cuscuta  epitkymum). 

The  dodders  are  well  represented  in  this  country.  They  live  para- 
sitically  on  large  numbers  of  plants,  but  those  known  as  clover  dodders 
in  Europe  are  not  abundant  with  us.  Dodder  may  be  recognized  by 
the  yellowish,  thread-like,  leafless  stems  which  run  over  and  bind 
together  the  plants  on  which  it  lives.  Often  it  forms  such  a  compact 
growth  that  the  mass  of  color  is  apparent  at  a  considerable  distance. 
The  dodder  plant  is  furnished  with  suckers,  which  penetrate  the  plant 
to  which  it  is  attached,  robbing  the  host  of  its  nourishment  and  caus- 
ing its  death  after  a  time. 

The  contention  that  American  red  clover  seed  is  inferior  to  European- 
grown  seed  and  contains  dodder  seed  needs  considerable  qualification, 
if  it  is  not  wholly  erroneous.  This  can  be  readily  shown  from  the  pub- 
lished reports  of  the  seed  control  stations  of  Europe,  as  well  as  by  the 
testimony  of  some  of  the  most  prominent  agricultural  writers  of  the 
Continent.  At  Hamburg  si)ecimen8  of  clover  seed  from  Baltimore, 
Philadelphia,  New  York,  Chicago,  Milwaukee,  Toledo,  and  Toronto 
were  examined  by  an  agent  whom  there  is  no  reason  to  suppose  is  favor- 
ably disposed  toward  American  seed,  and  but  three  samples  were  found 
to  contain  any  dodder  seed,  and  that  was  of  a  species  quite  different  from 
the  one  concerning  which  complaint  is  made.  Professor  Nobbe,  of  the 
Tharand  Seed  Control  Station,  states  that,  while  American  clover  seed 
is  not  always  absolutely  dodder-free,  yet  such  is  usually  the  case.  He 
further  states  that  the  species  of  dodder,  seed  of  which  are  sometimes 
found  in  American  clover  seed,  must  not  be  confounded  with  the  clover 
dodder  of  Europe,  the  two  being  very  different, 
22346— No.  79 2 
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At  the  Hobenheim  Seed  Control  Station,, in  1896,  it  was  found  that 
oat  of  480  lots  of  red  clover  seed  inspected,  only  26  of  which  were  of 
American  origin,  most  of  the  others  having  been  grown  in  central 
Earoi>e,  29.6  per  cent  contained  on  an  average  200  dodder  seeds  per 
poand.  Of  the  alfalfa  seed  examined  20  per  cent  contained  dodder, 
and  more  than  25  per  cent  of  samples  of  white  clover  seed  were  simi- 
larly infested. 

In  the  report  of  the  Vienna  Seed  Control  Station  for  1890  it  is  stated 
that  one-fonrlh  of  the  red  clover,  one-half  of  the  French,  Italian,  and 
Hungarian  alfalfa,  one-half  of  the  alsike  clover,  and  one-half  of  the 
timothy  seed  contained  clover  dodder  seed.  In  the  report  of  the  same 
station  for  1892  the  percentage  of  samples  of  seed  containing  clover 
dodder  were  as  follows:  Bed  clover  13.3,  alfalfa  13.5,  alsike  36.2,  white 
clover  14.3,  and  timothy  12.5.  While  the  origin  of  all  these  different 
lots  of  seed  is  not  fully  stated,  it  seems  probable  that  American  seed 
supplied  but  a  small  proportion  of  the  totals.  The  existence  of  the 
clover  dodder  in  seeds  from  different  parts  of  Europe  is  shown  by  this 
report,  yet  it  is  upon  the  recommendation  of  this  station  that  the 
American  seed  was  excluded. 

In  reports  from  the  seed  control  station  at  Gratz  two  lots  of  Austrian 
seed  are  specifically  reported  upon.  One  of  red  clover  seed  from  Pettau 
contained  1.3  per  cent  clover  dodder  seed  and  one  of  yellow  clover  seed 
from  Budapest  contained  5.2  per  cent  of  the  same.  These  amounts 
are  greatly  in  excess  of  any  ever  reported  in  American  seed,  our  seed- 
cleaning  machinery  eliminating  most  of  the  weed  seed. 

A  recent  report  of  one  of  the  Scandinavian  seed  control  stations  gives 
comparative  tables  showing  the  relative  value  of  American  and  Euro- 
pean grown  seed.  From  this  report  it  appears  that  the  purity,  germi- 
native  ability,  and  viability  of  the  seed  in  the  hands  of  retail  dealers 
and  consumers  averaged  higher  for  the  American  seed.  The  average 
percentage  of  weed  seed  mixed  with  the  European  seed  was  more  than 
double  that  found  in  the  American  seed. 

Investigations  carried  on  at  the  seed  laboratory  of  this  Department 
show  that  fully  one  fourth  of  the  European  seed  examined  contained 
varying  quantities  of  dodder  seed,  while  American  seed  are  almost 
invariably  free  from  these  seed. 

Comparing  the  published  records  of  European  seed  control  stations 
with  those  of  this  Department  and  of  the  different  experiment  stations, 
the  evidence  shows  that  American  clover  seed  is,  as  a  rule,  of  better 
quality  than  European  seed,  and  contains  very  little  and  often  no 
dodder  seed,  while  about  one-fourth  of  that  of  European  origin  does 
contain  it  This  comparison  shows  that  there  is  no  just  basis  for  dis- 
crimination against  American  seeds  in  foreign  markets. 

KUSHBOOMS  AS  FOOD. 

There  is  a  widespread  idea  that  mushrooms  and  other  edible  fiingi 
are  very  nutritious  foods.    They  are  commonly  said  to  contain  very 
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large  quantities  of  protein  (nitrogenooR  material)  and  to  rank  close  to 
meat  as  sources  of  this  important  nutrient.  The  term  <^  vegetable 
beefsteak''  has  been  applied  to  them,  and  other  equally  extravagant 
statements  are  frequently  met  with,  lumbers  of  analyses  of  edible 
fungi  have  been  reported  by  the  exx>eriment  stations.  German  inves- 
tigators have  also  determined  their  composition  and  studied  their  digest  • 
ibility  by  human  subjects  and  by  methods  of  artificial  digestion. 

An  extended  study  of  the  food  value  of  edible  fungi,  including  their 
digestibility,  has  recently  been  published  from  the  physiological  labora- 
tory of  the  Sheffield  Scientific  School  of  Yale  University. 

Analysis  does  not  show  that  edible  fungi  (mushrooms)  possess  a 
high  food  value,  as  will  be  seen  by  the  following  table,  in  which  their 
composition  is  compared  with  that  of  several  common  articles  of  food: 

Comparison  of  the  oampoHtion  ofmuihroomt  and  other  foods. 


Common  mnthroom  {Ag€t- 

rieus  eampeatrii) 

Shaggy  ooprinaa  (Oopri- 

nu9Comalu$) 

Inky   ooprinns  (C7.  atra- 

fiMfitorittf)* 

Common  morel  (MoreheUa 

e$eulenta) 

Solphary  polyporos  (Poly- 

pontM  nuphurmu) 

Oyster  moshroom  {Pleuro- 

t%t»  ostreatut) 

Poutoes 

Cabbage 

Carrots 

Wheat  bread 

Beefsteak  (round) 

<  Dextrose. 


Water. 


P^reL 
9LM 

02.19 

92.81 

R9.64 

70.80 

78.70 
76.60 
92.60 
87.60 
86.40 
68.00 


Total 
nitro- 
gen. 


PereL 
0.00 


.68 
.40 
.18 
.18 
1.62 
8.00 


Alba- 

minoid 

nitro> 

geo. 


Peru. 
0.86 


.16 


.37 

.66 

.80 
.20 
.11 
.08 
•1.47 


Nonal. 
bomi- 
noid  ni- 
trogen. 


Perci. 
0.24 


.80 


.20 

.07 

.10 

».06 


Pro- 
tein. 


Perct. 
8.76 

2.81 

2.25 

3.06 

6.00 

8.94 
2.50 
1.13 
1.13 
9.60 
18.76 


Fat. 


Carbo- 
dx«tes. 


Peret. 
0.20 

.26 

.24 

.60 

.98 

.42 
.10 
.50 


Pm-et. 
8.60 


<1.40 


U.60 

18.66 

U.84 

20.90 

.70 


10.60 
1.20  I    62.80 
8.80   


Fiber. 


Pw 

0. 


60 


Ash. 


Perct. 
0.50 

.98 

1.29 

1.08 

2.18 

1.60 
1.00 
.70 
.80 
1.10 
LOO 


*Yoang  small  si>eoimens. 


*  Approximation. 


It  will  be  seen  that  the  mushrooms  contain  a  very  high  percentage 
of  water.  In  ordinary  food  materials  protein  is  tbe  most  important 
nutrient.  As  regards  protein  content,  the  mushrooms  rank  about  the 
same  as  iK)tatoeSy  though  they  are  decidedly  inferior  in  food  value,  since 
they  contain  much  less  carbohydrates.  Nonalbuminoid  nitrogen  is 
thought  to  have  little  food  value.  As  will  be  seen,  the  mushrooms  do 
not  contain  a  high  percentage  of  nitrogen,  and  a  considerable  portion 
of  the  nitrogen  present  is  in  the  form  of  nonalbumiuoids. 

The  value  of  a  food  is  not  determined  alone  by  its  composition.  The 
digestibility — that  is,  the  material  which  the  body  can  retain  and  util- 
ize— is  of  even  more  importance.  The  experiments  at  the  Sheffield  Sci- 
entific School  showed  that  from  26  to  69'per  cent  of  the  total  dry  matter 
of  the  edible  fungi  tested  was  indigestible.  The  total  amount  of  digesti- 
ble protein  is  about  the  same  as  in  the  potato.  These  results  were 
obtained  by  the  methods  of  artificial  digestion.  Th ey  agree  in  all  essen- 
tial points  with  those  obtained  by  the  German  investigators.  From 
them  the  following  conclusions  were  drawn: 
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When  it  is  remembered  that  mushrooms  contain  76  to  92  per  cent  of 
water^  and  that  the  total  amount  of  protein  present  is  comparatively 
small,  it  will  be  seen  that  they  correspond  with  fresh  vegetables. 
Indeed,  they  are  decidedly  inferior  to  many  vegetables.  The  expression 
^* vegetable  beefsteak''  seems  pecoliarly  inappropriate  when  applied  in 
a  strictly  chemical  sense.  A  person  dejiending  npon  mushrooms  to 
famish  the  amount  of  proton  necessary  in  a  day's  diet  would  be  com- 
pelled to  consume  about  8  pounds,  if  the  morel,  a  fair  average  species, 
were  selected.  The  carbohydrate  content  of  mushrooms  is  relatively 
high,  but  there  is  no  lack  of  carbohydrate  foods  in  the  ordinary  diet, 
and,  consequently,  no  great  need  for  this  constituent  of  the  mushrooms. 

Although  mushrooms  and  other  edible  fungi  can  not  be  considered 
as  highly  nutritious  foods,  they  are  undoubtedly  useful  condiments  or 
food  accessories.  They  add  to  the  palatability  of  many  food  materials 
when  cooked  with  them,  and  may  be  served  in  many  appetizing  ways. 
Their  use  can  undoubtedly  be  extended  by  skillful  growing  and  careful 
marketing.  The  principsd  edible  fungus  raised  by  market  gardeners  is 
the  common  field  agaric  {Agaricus  campestris),  and  the  term  mushroom 
is  generally  uuderKtood  to  mean  this  variety. 

Although  the  number  of  wild  edible  fungi  is  comparatively  large, 
there  are  many  i)oisonous  varieties,  and  too  great  care  can  not  be  exer- 
cised in  gathering  fungi  for  food.  The  x>oisonous  and  the  more  impor- 
tant edible  fungi  have  been  described  in  a  recent  circular  of  the  Division 
of  Botany,^  and  in  an  earlier  publication'  of  this  Department  a  number 
of  native  mushrooms  were  described.  The  growing  and  marketing  of 
mushrooms  has  also  been  described  in  a  recent  bulletin  of  this  Depart- 
ment^ and  a  bibliography  of  mushrooms  has  been  issued  by  the 
Department  library.* 

PA8TURIN0  PIGS  OH  STUBBLE  FIELDS. 

When  grain  is  harvested  some  necessarily  escapes  the  reajier  and  is 
usually  lost.  While  the  amount  may  hardly  be  sufficient  to  make  it 
profitable  to  follow  the  reaper  with  a  rake,  the  scattered  grain  may  be 
profitably  utilized  by  turning  pigs  or  other  stock  into  the  stubble  fields, 
and  as  a  matter  of  fact  the  custom  of  pasturing  stock  on  such  fields  is 
quite  common  in  many  regions. 

Some  interesting  experiments  have  recently  been  made  at  the  Mon- 
tana Station  to  learn  the  value  of  this  as  compared  with  other  methods 
of  feeding.  Forty-one  pigs  from  6  to  9  months  old  were  allowed  the 
run  of  barley,  wheat,  and  i)ea  stubble  fields  of  18,  10.44,  and  10.73 
acres,  resjiectively.  For  some  time  before  the  test  they  had  been  pas- 
tured on  alfalfa  and  fed  1  pound  of  cracked  barley  ][)er  head  daUy, 

» U.  S.  Dept.  Agr.,  DiYision  of  Botany  Circnlar  13. 

«U.  8.  Dept.  Agr.,  DiviBion  of  Microseopy,  Food  Prodacts,  I. 

»U.  S.  Dept.  Agr.,  Fanners'  Bui.  P3. 
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For  10  weeks  immediately  preceding  the  test  they  made  a  daily  aver- 
age gain  of  0.42  pound  per  head.  While  pastured  on  the  stubble  fields 
they  were  given  no  grain.in  addition  to -what  they  could  find  except  on 
stormy  days.  The  grain  thus  fed  amounted  to  24.1  pounds  in  the  5 
weeks  of  the  test. 

During  this  time  the  pigs  made  a  gain  of  22.8  pounds  per  head,  or 
17.5  pounds,  deducting  the  amount  which  it  was  calculated  they  gained 
from  the  grain  fed  during  stormy  weather.  On  the  supposition  that 
4.5  pounds  of  grain  are  required  to  produce  a  pound  of  pork,  the  41 
pigs  gathered  3,228.75  pounds  of  grain,  which  otherwise  would  have 
been  lost.  The  harvesting  had  been  done  in  the  usual  manner,  and 
in  the  investigator's  opinion  the  amount  of  peas  and  grain  remaining  in 
the  field  did  not  exceed  that  left  in  the  stubble  fields  on  the  average 
farm.  The  scattered  grain  could  not  have  been  saved  In  any  other 
way,  and  represents  a  clear  profit. 

The  grain  saved  from  the  stubble  fields  by  these  pigs  was  not  all  that 
could  have  been  gathered  if  they  had  remained  in  the  fields  a  longer 
time.  Seven  brood  so^s  were  afterwards  pastured  during  the  winter 
on  the  station  stubble  fields,  which  included  a  24-acre  oat  field  in  addi- 
tion to  those  mentioned  above.  Th^  were  given  no  food  in  addition  to 
what  th^  could  gather  except  kitchen  slops  and  a  small  grain  ration 
on  stormy  days.  The  sows  frequently  rooted  down  through  6  inches  ot 
snow  and  found  sufficient  grain  to  keep  them'ln  good  condition  through- 
out the  entire  winter. 

It  is  stated  in  a  recent  communication  from  the  Montana  Station  that 
several  brood  sows  have  been  {pastured  during  the  past  season  on  stub- 
ble fields  without  receiving  any  grain  in  addition,  and  that  they  are 
in  fair  condition.  They  had,  in  addition  to  the  grain  stubble  fields,  the 
range  of  clov^,  alfiedfa,  and  timothy  meadows,  and  the  gleanings  of 
fields  where  root  crops  had  been  raised.  The  manure  from  grain-fed 
stock,  which  was  spread  upon  the  fields,  also  furnished  some  grain. 

EHSniHG  POTATOES. 

A  number  of  French  agriculturists  have  recently  studied  the  desira- 
bility of  ensiling  potatoes.  A  considerable  amount  of  heat  is  generated 
by  the  fermentation  of  the  green  material  in  silos,  and  it  was  thought 
this  could  be  utilized  and  the  potatoes  could  be  cooked  as  well  as  pre- 
served. 

In  one  test  the  potatoes  were  buried  in  a  silo  filled  with  crimson 
clover.  They  acquired  the  characteristic  color  of  the  plant  and  the 
odor  developed  in  fermentation.  The  tubers  were  fattened  by  the 
heavy  pressure  to  which  they  had  been  subjected.  When  removed 
from  the  silo  they  were  comparatively  soft.  They  were  examined  micro- 
scopically and  chemically,  and  it  was  found  that  they  had  been  cooked 
by  the  heat  of  fermentation,  and  that  they  were  rendered  more  digesti- 
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ble  by  the  process;  that  is,  the  percentage  of  soluble  material  was 
increased. 

Another  silo  was  filled  by  sorronnding  abpat  a  ton  of  potatoes  with 
corn  (whole  plant).  Upon  opening,  the  com  and  potatoes  were  both 
found  in  good  condition.  The  tabers  were  somewhat  flattened,  as  in 
the  previous  experiment,  but  were  more  cohesive.  The  iK)tatoes  were 
not  as  thoroughly  cooked,  since  the  temx>erature  and  pressure  were  less 
than  in  the  previous  case. 

As  shown  by  analysis,  the  potatoes  ensiled  with  crimson  clover  had 
lost  less  water  than  those  ensiled  with  corn.  The  most  striking  dif- 
ference, however,  was  the  high  percentage  of  cooked  starch;  or,  in 
other  words,  the  increased  assimilability  of  the  potatoes  ensiled  with 
clover.  The  crushed  potatoes  when  removed  from  the  silo  lost  weight 
very  rapidly  on  exposure  to  the  air,  and  formed  a  hard  mass  contain- 
ing only  15  to  20  per  cent  of  water.  In  this  condition  they  could  be 
kept  for  a  long  time.  When  required  for  feeding  purposes  they  were 
soaked  in  water,  which  they  readily  absorbed,  and  thus  regained  their 
softness  and  digestibility. 

Another  investigator  ensiled  chopped  raw  potatoes  with.  2  pounds  of 
salt  per  1,000  pounds  of  potatoes  under  pressure  of  2,500  pounds  per 
square  yard.  The  total  cost  of  washing,  chopping,  putting  in  the  silo, 
and  weighting  50  tons  of  iK)tatoes  was  about  $15.  The  potatoes  were 
put  in  the  silo  in  the  latter  part  of  November.  When  the  silo  was  filled 
the  fnaterial  was  5^  feet  deep.  Sixty- two  days  later  the  silo  was  opened, 
and  the  mass  had  sunk  to  a  little  over  3  feet.  The  temperature  of  the 
silo  when  filled  was  39^  F.,  and  when  opened  it  was  50^.  The  ensiled 
potato  pulp  was  white,  but  became  blackened  on  exposure  to  the  air. 
Oattle  ate  this  pulp  greedily,  alone  or  mixed  with  cotton-seed  cake. 

Experiments  made  at  the  Minnesota  Station  have  shown  that  while 
the  digestibility  of  cooked  and  raw  potatoes  by  pigs  was  about  the 
same,  pigs  could  be  induced  to  eat  larger  quantities  of  cooked  potatoes. 
It  nvas  calculated  that  a  ration  of  15  pounds  of  potatoes  and  4  pounds 
of  shorts  would  furnish  an  amount  of  protein  sufficient  for  maintenance, 
leaving  a  margin  for  growth. 

On  the  basis  of  cost  comparisons  were  made  of  the  value  of  potatoes 
and  other  feeding  stuffs.  In  the  investigator's  opinion,  with  foods  at 
the  present  prices,  it  is  doubtful  whether  it  would  be  profitable  to  feed 
large  amounts  of  potatoes  to  dairy  stock,  because  cows  require  more 
protein  than  would  be  supplied  by  a  fattening  ration  similar  in  charac- 
ter to  that  mentioned  above. 

Potatoes  can  not  be  fed  to  young  animals  as  safely  as  to  more  mature 
ones,  since  if  fed  in  too  large  quantities  they  have  a  tendency  to  pre- 
maturely fatten  the  animal.  With  mature  animals,  when  the  object  is 
principally  the  addition  of  fat  to  the  body,  potatoes  may  be  fed  to  good 
advantage. 

When  the  crop  of  potatoes  is  large  and  prices  low,  a  method  of  storing 
and  feeding  potatoes  to  advantage  is  desirable. 
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A  method  of  preserviiig  potatoes  which  at  the  same  time  cooks  them 
would  seem  worthy  of  trial,  bat  it  woald  doabtless  be  wise  to  exx>eri- 
ment  on  a  small  scale  at  first 

AHTH&AX. 

On  account  of  the  rapidity  with  which  it  develops  and  runs  its 
coarse,  the  yariety  of  animals  subject  to  it,  Induding  man,  and  its 
fatality,  anthrax,  or  charbon,  is  one  of  the  most  dreaded  diseases  to 
which  animals  are  subject  It  is  a  world-wide  disease,  and,  though  few 
of  the  experiment  stations  have  been  called  upon  to  deal  with  it,  it  has 
been  reported  during  the  past  decade  from  Vermont,  Massachusetts, 
Michigan,  Oonnecticut,  New  York,  New  Jersey,  Pennsylvania,  Dela- 
ware, Maryland,  Mississippi,  Louisiana,  Texas,  Illinois,  and  South 
Dakota.  The  greatest  damage  seems  to  have  been  done  in  New  Jersey 
and  Delaware.  In  the  latter  State  it  has  existed  since  1892,  and  of  late 
has  infested  a  territory  some  3  miles  wide  by  40  long  along  the  Dela- 
ware Elver  and  carried  off  on  an  average  two  animals  per  farm  per 
year,  or  from  70  to  82  per  cent  of  the  animals  in  the  herds  attacked. 

Nearly  all  domestic  animals  are  attacked,  including  sheep,  goats, 
cattle,  horses,  mules,  swine,  and  sometimes  dogs  and  cats.  Babbits, 
guinea  pigs,  rats,  and  mice  are  susceptible  to  it,  and  the  last  two  spe- 
cies of  domestic  pests  must  be  taken  into  account  as  transmitters  of  the 
disease.  In  degree  of  susceptibility  sheep  stand  first  and  carnivorous 
animals  last  Swine,  once  thought  immune,  are  very  susceptible  and 
readily  succumb  to  it  As  a  rule  domestic  animals  become  infected  by 
the  bacilli  and  spores  obtaining  entrance  to  the  alimentary  tract,  and  in 
some  cases  man  becomes  infected  in  the  same  way  by  eating  improperly 
cooked  meat;  but  generally  human  cases  of  anthrax  have  been  traced 
to  breathing  spore-laden  sdr,  as  in  working  over  wool  or  hides,  and  to 
the  infection  of  cuts,  scratches,  and  other  abrasions  of  the  skin. 

The  spores  are  very  tenacious  of  life  and  will  remain  dormant  for 
years.  Oases  are  recorded  where  soil  has  remained  infectious  for 
twelve  and  thirteen  years.  A  moist  clay  soil  seems  especially  favor- 
able for  preserving  the  germs.  As  the  bacilli  are  excreted  in  the  urine 
and  feces  and  in  nose  and  mouth  discharges  from  live  animals,  and 
occur  in  great  numbers  in  the  bloody  discharges  from  dead  animals, 
and  soon  develop  spores  upon  exposure  to  the  air,  it  may  be  readily 
inferred  how  easily  the  disease  may  be  spread  from  place  to  place. 
The  fact  that  the  disease  in  Delaware  does  not  seem  to  have  been 
spread  from  farm  to  farm  by  the  infected  animal,  but  to  have  arisen 
in  all  but  one  case  from  river  drift,  and  in  that  one  case  from 
sewage  from  a  morocco  factory,  must  be  due  to  lack  of  opportunity. 
Anything  that  can  carry  the  spores  may  act  as  a  transmitter,  and  a 
case  has  been  recorded  in  which  the  disease  was  carried  some  dis- 
tance on  the  clothing  and  boots  of  a  person  who  had  been  aiding 
at  a  post-mortem  examination.    Another  case  is  on  record  in  which 
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a  diseased  carcass  bad  been  buried  and  the  ground  above  it  sown 
to  several  crops  during  as  many  years,  tbe  last  crop  being  clover. 
The  rank  growth  of  the  clover  excited  the  cupidity  of  a  neighbor  of 
the  person  on  whose  land  the  clover  grew.  The  clover  disappeared, 
but  a  day  or  so  after  it  was  missed  the  neighbor's  wife  came  with  the 
report  that  her  auimals  were  dying.  An  investigation  showed  that 
they  had  anthrax  and  also  brought  to  light  some  of  the  stolen  clover 
that  had  not  yet  been  fed.  Hay  and  roots  carry  the  disease  as  well  as 
grass,  but  by  far  the  most  important  factors  in  the  spread  of  the  dis- 
ease over  the  world  are  hides  and  wool.  In  the  less  civdized  countries 
the  disease  is  much  more  serious  than  in  the  United  States.  In  Siberia 
it  has  been  given  the  name  of  the  Siberian  plague.  It  is  a  common 
disease  in  South 'America,  whence  large  numbers  of  hides  are  imported. 
As  the  hides  are  simply  dried  or  cured  with  salt,  dung,  or  clay — proc- 
esses that  in  no  way  aflfect  the  vitality  of  the  spores — and  as  the  skin- 
ning of  an  animal  must  expose  large  numbers  of  the  bacilli  in  the  blood 
and  in  the  skin  and  connected  adipose  tissues  to  the  air,  under  the 
influence  of  which  they  quickly  transform  into  the  easily  scattered 
spores,  the  process  of  handling  and  packing  must  infect  many  more 
hides  than  there  ^ere  animals  diseased.  When  the  skins  are  handled 
at  the  tanneries  the  chances  of  spreading  the  disease  are  thus  multi- 
plied many  times.  Infection  has  been  traced  to  animals  licking  the 
salt  from  the  ground  over  which  salted  skins  have  been  carried.  The 
air  also  is  an  important  medium  whenever  wool  or  skins  are  handled, 
and  anthrax  in  the  lungs  and  air  passages  of  wool  sorters  is  of  such 
common  occurrence  as  to  have  given  rise  to  what  is  termed  '*  wool- 
sorters'  disease."  In  Delaware,  the  most  important  medium  for  scat- 
tering the  germs  has  been  the  tidal  currents  of  the  Delaware  River. 
The  progress  of  various  outbreaks  of  the  disease  has  been  studied  by 
the  Delaware  Experiment  Station  and  found  in  a  number  of  instances 
to  advance  up  the  river.  As  no  other  possible  means  for  spreading 
the  disease  could  be  discovered,  and  as  a  study  of  the  currents  and 
tides  of  the  river  showed  it  to  be  possible  for  carcasses  or  germ-laden 
drift  to  be  carried  up  the  stream,  the  conclusion  was  arrived  at  that 
the  disease  must  have  come  from  the  !New  Jersey  shore.  It  is  explained 
that  when  a  carcass  enters  the  mouth  of  a  stream,  it  is  carried  upward 
by  flood  tides.  The  first  ebb  tide  leaves  it  stranded  on  some  bar  or 
*  flat,  from  which  i>oint  it  will  be  started  by  the  next  flood  tide,  and 
with  each  successive  tide  the  process  is  repeated  until  the  carcass 
has  become  disintegrated  and  fragments  and  spores  spread  over  the 
meadows  of  the  adjacent  shores. 

Aside  from  this  danger  in  Delaware  from  the  opi)osite  New  Jersey 
shore  there  is  also  danger  from  sources  up  the  river.  Nearly  four- 
fifths  of  the  output  of  morocco  in  the  United  States  is  produced  in  the 
cities  of  Philadelphia  and  Wilmington.  The  daily  product  exceeds 
$80,000  in  value.    The  skins  are  received  from  India,  Bussia,  Africa, 
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China,  Australia,  and  Soath  America.  In  all  of  these  countries  anthrax 
outbreaks  are  common  and  rage  withont  control.  It  follows  that  the 
washing  from  the  twenty-five  Philadelphia  shops  and  the  fourteen 
shops  in  Wilmington  carry  myriads  of  spores  to  the  river. 

To  be  added  to  this  list  of  disease  bearers  are  fleas,  mosquitoes,  and 
flies.  From  a  specimen  of  the  first  of  these  insects  taken  from  animals 
infected  with  anthrax  the  bacilli  have  been  isolated,  and  the  report  of 
the  Delaware  Station  records  cases  where  the  only  possible  explanation 
for  the  existence  of  the  disease  is  that  it  was  carried  by  flies  from 
anthrax  carrion. 
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EXPLANATION  OF  TERMS. 


TERMS  nSBD  IN  DISCXTSSINa  FERTILIZBRS. 

Complete  fertilizer  is  one  which  contains  the  three  essential  fertilizing  constita- 
entS;  1.  e.,  nitrogen,  phosphoric  acid,  and  potash. 

Nitrogen  exists  in  fertilizers  in  three  distinct  forms,  viz,  as  organic  matter,  as 
ammonia,  and  as  nitrates.    It  is  the  most  expensive  fertilizing  ingredient. 

Nitrates  fnmish  the  most  readily  available  forms  of  nitrogen.  The  most  common 
are>nitrate  of  soda  and  nitrate  of  potash  (saltpeter). 

Phoephorio  acid,  one  of  the  essential  fertilizing  ingredients,  is  derived  from 
materials  called  phosphates.  It  does  not  exist  alone,  bnt  in  combiDation,  most  com- 
monly as  phosphate  of  lime  in  the  form  of  bones,  rook  phosphate,  and  phosphatio 
slag.  Phosphoric  acid  occurs  in  fertilizers  in  three  forms—soluble,  reverted,  and 
insoluble  phosphoric  acid. 

Soluble  phosphoric  acid  is  that  form  which  is  soluble  in  water  and  readily 
taken  up  by  plants. 

Reverted  phosphoric  acid  is  that  form  which  is  insoluble  in  water  but  still 
readily  used  by  plants. 

Available  phosphoric  acid  is  the  soluble  and  reverted  taken  together. 

Superphosphate. — In  natural  or  untreated  phosphates  the  phosphoric  acid  is 
insoluble  in  water  and  not  readily  available  to  plants.  Saperphosphate  is  prepared 
from  these  by  grinding  and  treating  with  sulphuric  acid,  which  makes  the  phos- 
phoric acid  more  available  to  plants.  Saperphosphates  are  sometimes  called  acid 
phosphates. 

Potash,  as  a  constituent  of  fertilizers,  exists  in  a  number  of  forms,  but  chiefly  as 
chlorid  or  muriate  and  as  sulphate.  All  forms  are  freely  soluble  in  water  and  are 
believed  to  be  nearly,  if  not  quite,  equally  available,  but  it  has  been  found  that  the 
chlorids  may  injuriously  affect  the  quality  of  tobacco,  potatoes,  and  certain  other 
crops.  The  chief  sources  of  potash  are  the  x>otash  salts  Arom  Stassfurt,  Germany— 
kainit,  sylvinit,  muriate  of  potash,  sulphate  of  potash,  and  sulphate  of  potash  and 
magnesia.    Wood  ashes  and  cotton-hull  ashes  are  also  sources  of  potash. 

TERMS  USED  IN  DISCUSSING  FOODS  AND  FEEDING  STUFFa 

"Water  is  contained  in  all  foods  and  feeding  stuffiB.  The  amount  varies  from  8  to  15 
pounds  per  100  pounds  of  such  dry  materials  as  hay,  straw,  or  grain  to  80  pounds  in 
silage  and  90  pounds  in  some  roots. 

Dry  matter  is  the  portion  remaining  after  removiDg  or  excluding  the  water. 

Ash  is  what  is  left  when  the  combustible  part  of  a  feeding  stuff  is  burned  away. 
It  consists  chiefly  of  lime,  magnesia,  potash,  soda,  iron,  chlorin,  and  carbonic,  sul- 
phuric, and  phosphoric  acids,  and  is  used  largely  in  making  bones.  Part  of  the  ash 
constituents  of  the  food  is  stored  up  in  the  animaPs  body;  the  rest  is  voided  in  the 
urine  and  manure. 

Protein  (nitrogenous  matter)  is  the  name  of  a  group  of  substances  containing  nitro- 
gen. Protein  furnishes  the  materials  for  the  lean  flesh,  blood,  skin,  muscles,  tendons, 
nerves,  hair,  horns,  wool,  casein  of  milk,  albumen  of  eggs,  etc.,  and  is  one  of  the 
most  important  constituents  of  feeding  stuffs. 

Digitized  by  VjOOQ IC 


27 

Albuminoid  nitrogen  is  nitrogen  in  the  form  of  albuminoicU,  which  is  the  name 
given  to  one  of  the  most  important  groups  of  sabstanoes  classed  together  under  the 
general  term  protein.    The  albumen  of  eggs  is  a  type  of  albuminoids. 

Amid  nitrogen  is  nitrogen  in  the  form  of  amidS|  one  of  the  groups  of  substances 
classed  together  under  the  general  term  protein.  Amids,  unlike  albuminoids;  are 
usually  soluble  in  water,  but  are  generally  considered  of  less  value  as  food  thfin 
albuminoids. 

Carbohydratee. — The  nitrogen-free  extract  and  fiber  are  often  classed  together 
under  the  name  of  carbohydrates.  The  carbohydrates  form  the  largest  part  of  all 
vegetable  foods.  They  are  either  stored  up  as  fat  or  burned  in  the  body  to  produce 
heat  nnd  energy.  The  most  common  and  important  carbohydrates  are  sugar  and 
starch. 

Fiber,  sometimes  called  crude  cellulose,  is  the  fhunework  of  plants,  and  is,  as  a 
rule,  the  most  indigestible  constituent  of  feeding  stu£fs.  The  coarse  fodders^  such 
as  hay  and  straw,  contain  a  much  larger  proportion  of  fiber  than  the  grains,  oil 
cakes,  etc. 

Nitrogen-free  extract  includes  starch,  sugar,  gums,  and  the  like,  and  forms  an 
important  part  of  all  feeding  stuffs,  but  especially  of  most  grains. 

Fat,  or  the  materials  dissolved  from  a  feeding  stuff  by  ether,  is  a  substance  of 
mixed  character,  and  may  include,  besides  real  fats,  wax,  the  green  coloring  matter 
of  plants,  etc.  The  fat  of  food  is  either  stored  up  in  the  body  as  fat  or  burned,  to 
frirnish  heat  and  energy. 

MISCEIiLANBOnS  TBRM8. 

Fnngna  (plural  Itingi)  is  a  low  form  of  plant  life  destitute  of  green  coloring  mat- 
ter; mold  and  mushrooms  are  familiar  examples. 

Spore  is  a  minute  body,  borne  by  a  fungus,  which  is  capable  of  reproducing  the 
fungus  directly.    It  corresponds  in  function  with  the  seed  of  higher  plants. 

BacHlns  (plural  bacilli)  is  a  genus  of  bacteria,  which  is  the  name  applied  in  com- 
mon to  a  number  of  different  or  closely  related  microscopic  organisms,  all  of  which 
consist  of  single  short  cylindrical  or  elliptical  cells* or  two  such  cells  joined  end  to 
end  and  capable  of  spontaneous  movement.  Many  kinds  of  bacteria  are  harmful  and 
cause  diseases  an d  other  i^j  nrious  effects,  but  many  are  beneficial.  Among  the  latter 
are  those  which  give  aroma  to  tobacco  and  flavor  to  butter  and  cheese,  and  those 
which  enable  leguminous  plants  to  use  the  fr^e  nitrogen  of  the  air. 

Inoculation  is  the  introduction  of  bacteria  or  other  organisms  into  surroundings 
suited  to  their  growth  with  a  view  to  prod  icing  the  effects  which  are  the  result  of 
their  activity. 
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LETTER  OF  TRANSMIHAL 


U.  S.  Dbpabtmbnt  of  Aobigulturu, 

Division  op  Entomoloot, 

Woihington,  D.  C,  June  16^  1898. 
Sib:  I  have  the  hoDor  to  transmit  herewith  a  Farmers'  Bulletin  on  the  peach 
twig-borer,  an  imiK>rtant  enemy  of  stone  fruits.  It  has  been  prepared  by  my  first 
assistant^  Mr.  C.  L.  Marlatt,  and  consists  in  the  main  of  a  revision  of  an  article  pub- 
lished in  Bulletin  No.  10,  new  series,  of  this  Division.  It  is  issued  in  its  present 
form  to  supply  a  demand  for  a  larger  circulation  of  the  information  contained  in  the 
article  cited,  particularly  in  California  and  elsewhere  on  the  Pacific  slope,  where 
the  twig-borer  is  especiidly  abundant  and  destructive. 
Bespectftaily, 

L.  O.  Howard,  Entamologiai. 
Hon.  James  Wilson, 

Secretary  of  AgriouUure, 
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THE  PEACH  TWIG-BORER. 

{Anariia  lineaiella  ZelL) 


DTTBODIJGTIOV. 

This  insect  is  of  European  origin,  bat  has  been  known  to  occur  in 
the  United  States  since  1860.  It  has  been  very  injurious  at  times  to 
I>each  trees  in  the  peach-growing  sections  of  the  East,  notably  in 
Maryland,  Delaware,  and  Virginia,  also  in  New  Jersey  and  New  York, 
and  more  recently  in  West  Virginia.  In  California  aud  Oregon,  and 
elsewhere  on  the  Pacific  slope,  its  injuries  have  taken  a  wider  range, 
including  damage  to  the  apricot,  almond,  nectarine,  prune,  pear,  and 
perhaps  other  fruit  trees  in  addition  to  the  peach. 

In  California  it  is  listed  as  one  of  the  three  or  four  worst  insect 
I>est8  occurring  in  the  State.  In  Washingtou  as  many  as  one  hundred 
larvse,  or  instances  of  damage  to  as  many  twigs,  have  been  counted  on  a 
single  tree.  In  Oregon  this  insect  is  stated  to  be  next  to  the  peach-tree 
borer  in  the  amount  of  damage  it  occasions,  particularly  in  the  Wil- 
lamette Valley.  In  western  Colorado  it  is  very  destructive  to  peach, 
plum,  apricot,  and  almond. 

The  injury  occasioned  by  this  insect  is  limited  almost  exclusively  to 
the  work  of  the  hibernating  larvsB  during  the  latter  part  of  April  and 
first  of  May,  when  they  bore  into  the  shoots  of  new  leaves,  killiug  the 
growing  terminals  and  preventing  the  development  of  the  branch, 
although  sometimes  a  whorl  of  living  leaves  may  remain  at  the  base. 
Much  of  the  new  growth  of  the  tree  is  often  killed,  in  many  instances 
the  branches  remaining  with  scarcely  a  bud  or  shoot  which  has  not 
been  thus  destroyed.  This  necessarily  results  in  greatly  checking  the 
vigor  and  fruiting  capacity  of  the  tree,  and  causes  an  irregular  and 
knetty  growth. 

The  summer  broods  of  larvae  feed  beneath  the  bark  or  in  the  fruit 
stems,  occasionally,  when  nearly  full  grown,  boring  into  the  fruit;  but 
such  damage  is  not  ordinarily  noticed  and  is  slight  as  compared  with 
the  injury  occasioned  by  the  first  or  hibernating  brood  of  larvae. 

KECEHT  STUDIES  OF  THE  DTSECT. 

Tip  to  comparatively  recent  years  the  knowledge  of  this  insect  has 
been  practically  confined  to  its  injury  to  peach  twigs,  either  in  terminals 
before  the  trees  leaf  out  in  the  spring,  a  rare  form  of  attack,  or  in  the 
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yoang  shoots — the  nsaal  and  destructive  habit — and  later  and  more 
rarely  in  the  ripening  fruit.  In  connection  with  these  descriptions  of 
damage  are  also  accounts  of  what  was  then  believed  to  be  the  same 
insect  affecting  the  strawberry,  one  brood  wintering  in  the  half-grown 
larval  stage  in  the  crown  of  the  plant,  and  a  second  brood  working 
during  early  summer  in  the  young  shoots  and  runners. 

The  confusion  of  these  two  distinct  species,  attacking  widely  dissimi- 
lar plants,  continued  until  1897,  and  still  obtains  to  a  great  extent. 
There  necessarily  resulted  a  thorough  misapprehension  of  the  habits  of 
the  twig-borer  and  the  suggestion  of  needless  precautionary  meastires, 
such  as  the  abandonment  of  the  culture  of  the  strawberry,  at  least  in 
proximity  to  peach  orchards. 

In  1893  some  very  interesting  observations  were  made  by  Mr.  Ehrhom, 
in  Santa  Clara  County,  Cal.,  and  reported  by  Mr.  Craw,  demonstrating 
that  the  twig-borer  winters,  in  the  larval  stage,  not  in  the  crown  of  the 
strawberry  plant,  as  had  been  previously  thought,  but  in  peculiar  cham- 
bers situated  for  the  most  part  in  the  crotches  of  the  branches  of  the 
trees  attacked,  the  larvae  leaving  these  chambers  in  the  spring  to  do 
the  notable  damage  characteristic  of  the  species. 

While  passing  through  California  in  the  fall  of  1896,  the  writer  exam- 
ined, in  company  with  Mr.  Ehrhorn,  the  curious  hibernating  chambers 
made  by  the  newly-hatched  larvte,  and  the  habits  of  this  insect,  as  far 
as  then  known  to  Mr.  Ehrhom,  and  substantially  as  bad  been  already 
recorded  by  Mr.  Craw,  were  explained  to  him.  The  discovery  of  this- 
peculiar  hibernating  habit  of  Anarsia  lineatella  is  very  interesting  in 
itself,  and  is  also  a  long  step  toward  the  completion  of  our  knowledge 
of  the  life  history  of  the  insect,  and  is  especially  valuable  as  suggesting 
better  means  than  any  heretofore  known  of  preventing  damage  from  it. 

Arrangements  were  made  with  Mr.  Ehrhorn  at  the  time  to  supply 
the  Department  with  ample  material  of  the  young  larvae  in  their  hiber- 
nating cells;  and,  throughout  the  winter,  spring,  and  early  summer  of 
1896-97,  material  was  repeatedly  sent  for  study  to  Washington,  D.  C. 

Some  of  the  twigs  containing  the  young  hibernating  larvae  were 
during  the  winter  fastened  to  peach  trees  growing  in  the  entomological 
nursery  attached  to  the  insectary.  Most  of  the  larvae  in  these  twigs 
had  been  killed  by  a  predaceous  mite,  and  some  few,  perhaps,  died  as  & 
consequence  of  the  drying  up  of  the  twigs,  but  a  considerable  number 
of  them  wintered  safely  and  ultimately  entered  the  new  shoots  in  the 
early  spring  and  completed  their  development.  With  this  material  we 
were  enabled  to  study  their  habits  out  of  doors  under  natural  condi- 
tions, following  the  species  carefully  through  two  generations  and  into 
the  commencement  of  a  third,  as  will  be  detailed  below.  By  the  end  of 
August  our  working  stock  died  out  and  we  were  unable  to  secure  fresh 
supplies.  The  studies  made  in  Washington  were  supplemented  and 
confirmed  by  the  field  observation  of  Mr.  Ehrhom  covering  the  same 
period  and  continuing  until  the  hibernating  cells  reappeared  in  the 
crotches  in  August  and  September. 
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About  the  same  time  Mr.  A.  B.  Gordley,  entomologist  of  the  Oregon 
Exx)eriment  Station,  was  also  investigating  the  habits  of  this  insect, 
his  account  comprising  a  description  of  the  injury  to  peach  and  prune 
twigs  in  early  summer,  and  the  work  of  similar  larvae  in  strawberry 
beds  in  October,  the  latter  larvse  wintering  in  the  crowns  of  the  plants. 

HISTO£T  AVD  DISTBIBUTIOV. 

The  peach  twig-borer  is  apparently  an  Old  World  sx>ecies  and  probably 
a  very  ancient  enemy  of  the  peach,  with  little  doubt  coming  with  this 
fruit  from  western  Asia.  It  was  described  in  Europe  in  1839,  and  in 
this  country  in  1860.  The  American  species  was  afterwards  shown  to 
be  identical  with  the  European  peach  moth.  As  an  important  injurious 
insect  in  this  country,  attention  was  first  drawn  to  it  about  1872  by 
Mr.  Glover,  a  former  entomologist  of  the  Department,  and  also  by  Mr. 
Saunders,  of  Ottawa,  the  report  of  Mr.  Glover  being  the  first  published. 
Glover's  report  describes  excessive  damage  by  it  as  a  twig-borer  in 
young  peach  orchards  in  Maryland,  and  Saunders's  report,  while  relat- 
ing chiefly  to  marked  injury  by  a  crown-borer  in  strawberry  beds  (now 
known  to  be  a  different  insect),  refers  also  to  injury  to  the  peach  twigs 
in  Ontario.  Some  years  later.  Prof.  J.  H.  Oomstock,  while  entomologist 
of  the  Department,  reported  considerable  damage  from  the  peach  twig- 
borer  in  Virginia  and  in  the  District  of  Columbia,  and  first  noted  the 
I>eculiar  fruit*inhabiting  brood.  Later  the  insect  was  made  the  subject 
of  an  article  by  Dr.  J.  A.  Lintner,  in  which  it  is  reported  to  have  occa- 
sioned damage  to  peaches  in  several  localities  in  the  State  of  New  York. 
We  also  have  accounts  by  Prof.  C.  Y.  Riley,  of  injury  to  strawberry 
plants  in  Illinois,  referred  by  him  to  Anarsia  lineatella,  and  also  articles 
on*  this  insect,  particularly  as  a  strawberry  miner,  by  Prof.  S.  A.  Forbes. 
Very  great  damage  to  peaches  in  Kent  and  Sussex  counties,  Del.,  was 
reported  later  by  Riley  and  Howard. 

On  the  Pacific  slope  record  was  made  of  injury  by  it  to  various  stone 
fruits  by  Mr.  Goquillett,  and  later  similar  damage  was  reported  from 
Vancouver.  We  have  also  the  results  of  the  investigations  by  Mr.  Ehr- 
horn  in  California,  and  the  recently  published  accounts  by  Mr.  Cordley 
relative  to  the  insect  as  affecting  peaches  and  prunes  in  Oregon,  and 
also  in  strawberry  beds — a  similar  but  undoubtedly  distinct  insect. 

That  this  twig-borer  is  very  destructive  to  the  peach,  plum,  apricot, 
and  almond  in  western  Colorado  is  shown  by  recent  accounts,  and 
damage  from  it  has  also  been  lately  reported  in  West  Virginia. 

In  addition  to  the  more  important  published  accounts,  iiyury  from  the 
twig-borer  has  been  often  recognized  and  reported  by  various  observers 
in  recent  years.  Nearly  all  these  reports  refer  to  the  injury  to  twigs  of 
stone  fruits,  and  very  few  to  the  strawberry,  the  allied  insect  which 
infests  the  latter  either  being  more  rare  or  less  often  observed.  The 
records  of  this  Department  show  the  presence  of  the  twig-borer  in  at 
least  twelve  States,  and  give  it  a  range  which  indicates  that  it  is  practi- 
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cally  as  wide-spread  in  this  comitry  as  is  the  culture  of  its  principal 
food  plant. 

If  not  already  cosmopolitan  in  distribution,  the  peach  twig-borer  is 
rapidly  becoming  so,  and  will  probably  follow  the  peach  and  other  stone 
fruits  wherever  they  are  cultivated,  especially  as  its  peculiar  hibernating 
habit  greatly  facilitates  its  distribution  with  nursery  stock. 

LIFE  HISTO£T  AND  HABITS. 

The  fall  brood  of  larvae  discovered  by  Mr.  Ehrhorn  may  be  taken  as 
a  convenient  starting  point  in  the  life  history  of  the  peach  twig-borer. 
In  the  fall,  according  to  Mr.  Ehrhorn,  they  appear  as  very  small  larvae, 
living  and  working  in  the  spongy  bark  chiefly  at  the  crotches  of 
the  branches  of  the  peach,  and  he  surmises  that  they  are  from  eggs 
dei)08ited  in  these  situations.    Here  the  larvae  are  supposed  to  grow 

slowly  until  the  new  growth  ap- 
pears in  the  spring,  when  they  leave 
their  cells  in  the  bark  and  enter  the 
new  shoots.  It  is  stated,  also,  that 
frequently  the  larvae  are  nearly  full 
grown  when  they  attack  the  young 
growth.  A  later  brood  is  said  to 
attack  the  fruit  near  the  stems.  The 
occurrence  of  the  larvae  during  the 
winter  in  the  situations  described 
is  also  thought  to  explain  the  fact 
frequently  noted  that  the  under  and 

TlQ.l.—Anartia  lineateUa:   a,  twig  of  peacb,      *      •  j^     .     '         i_    •         iv 
showiDg  in  crotch  minute  masses  of  chewed      mSldC  tWlgS,  being  the  morC  aCCCSS- 
bark  above  larval  chambers;  b,  latter  much      iblc,  SUffcr  the  moSt,  WhilC  the  ©X- 

r^hti^Ti^VrTZIl:^    *«rio^  »°«i  toP"'^^'  branches  escape. 
more  enlarged  (original).  Later  studics  conflrm,  iu  the  main, 

Mr.  Ehrhom's  conclusions  as  to 
the  habits  of  the  larvae.  That  the  larvae  make  any  essential  growth 
in  the  winter,  however,  is  probably  a  wrong  inference,  as  will  be  shown 
later,  and  the  nearly  full-grown  larvae  referred  to  were  doubtless  indi- 
viduals that  were  wandering  from  one  point  to  another,  and  had  merely 
reached  nearly  full  growth  before  they  were  observed. 

Both  in  the  orchards  of  California  and  by  means  of  the  abundant 
material  received  at  this  office  we  have  been  enabled  to  make  a  careful 
study  of  the  hibernating  galleries,  or  chambers,  of  the  young  larvae. 
These  occur  not  only  in  the  crotches  of  the  smaller  and  sometimes  quite 
large  branches,  but  many  of  the  larvae  utilize  the  roughened  bark  at 
any  point.  They  burrow  into  the  bark  for  a  short  distance,  penetrating 
little  more  than  the  upper  superficial  layer,  and  form  slightly  elongated 
chambers  (fig.  1,  c),  which  are  lined  with  white  silk  and  the  opening 
afterwards  closed.  The  location  of  the  larvae  may  be  readily  recog- 
nized by  the  little  masses  of  projecting  excrement  or  comminuted  bark 
at  the  entrances  to  the  burrows  (fig.  1,  a,  b).    The  size  of  the  burrow  and 
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the  fact  of  its  being  lined  with  silk  precludes  the  idea  that  the  larva 
feeds  in  the  fall  or  daring  hibernation,  except  perhaps  in  the  mere  oper- 
ation of  excavating  the  chamber. 

The  young  larva,  as  taken  from  the  burrow,  is  not  above  2  milli- 
meters long,  and  is  of  a  general  yellow  color,  with  the  head  and  cervical 
and  anal  plates  dark  brown,  almost  black  (fig.  1,  d). 

While  in  their  winter  quarters  the  larvsB  are  subject  to  the  attacks 
of  predaceous  mites,  and  many  of  them  are  destroyed  by  this  means, 
as  will  be  later  noted.  They  are  also  occasionally  parasitized  by  a 
chalcidid  fly. 

Early  in  April  the  larvae  begin  to  abandon  their  hibernating  quarters 
and  attack  the  new  leaf  shoots,  but  some  individuals  were  found  in  the 
crotches  by  Mr.  Ehrhom  as  late  as  April  21.  The  damage  becomes 
noticeable,  as  a  rale,  at  the  time  the  shoots  are  from  one-half  inch  to  2 
inches  in  length,  or,  more  properly 
speaking,  mere  clusters  of  newly 
expanded  leaves.    . 

Glover's  account  of  their  work- 
ing downward  in  the  old  twigs 
from  the  terminal  buds  before  the 
starting  of  the  leaves  in  April  ap- 
parently can  not  be  questioned, 
but  seems  not  to  be  the  normal 
course,  as  shown  by  the  observa- 
tions since  made. 

In  our  experience,  the  larvie  be- 
gin to  migrate  only  after  the  new 
foliage  has  begun  to  put  out,  and 
they  attack  the  new  shoots  at  any 
point,  generally,  however,  from 
one-half  inch  to  an  inch  from  the 
apex,  either  near  or  in  the  crotch 

formed  by  the  leaf  petiole  and  the  stem.  The  longest  burrow  observed 
was  1^  inches  and  the  shortest  one-fourth  inch.  Sometimes  the  burrow 
extends  about  one-eighth  inch  above  the  entrance,  and  occasionally 
the  larvsBi  simply  eat  into  the  shoot  as  far  as  the  pith  and  then  go 
elsewhere.  The  larvae  are  seemingly  restless  and  not  easily  satisfied, 
and  are  continually  moving  from  one  shoot  to  another,  and  are  most 
active  travelers.  In  this  way  a  single  larva  may  destroy  or  injure 
several  shoots  before  reaching  maturity,  thus  greatly  increasing  the 
damage. 

Professor  Oomstock's  observations  on  the  habits  of  the  larvae  in  the 
young  shoots  are  slightly  at  variance  with  the  above.  He  says  the 
larvae  puncture  the  shoots  at  the  base,  eating  them  off  completely,  the 
severed  twigs  remaining  attached  to  the  branch  by  the  gummy  sub- 
stance which  exudes  from  the  wound.  This  particular  form  of  ii\jury 
we  have  not  noted. 


Fio.  2,,—AfMrtia  HneaUUa :  a,  new  shoot  of  peaoh 
withering  from  attack  of  larva;  b,  larva  en> 
larged ;  c,  pupa  ei^Iarged ;  cL,  tip  of  pupa  more 
enlarged  (original). 
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When  working  in  the  succulent  new  growth  the  larv»  bores  rather 
rapidly,  sufficiently  so  at  least  to  excavate  a  burrow  two-thirds  of  its 
length  in  an  hour.  The  length  of  time  spent  by  the  hibernated  larvae 
in  coming  to  full  growth  in  the  green  shoots  is  comparatively  short, 
not  exceeding  ten  to  fifteen  days. 

In  Califomia,  and  also  in  the  District  of  Oolumbia,  the  larvae  begin 
transforming  to  pupae  in  the  latter  part  of  April,  and  the  moths  of  the 
first  brood  emerge  throughout  May.  In  Colorado,  Mr.  Gillette  has  bred 
the  moths  the  first  of  June  and  also  toward  the  end  of  July.  In  Oregon, 
Mr.  Gordley  secured  his  first  pupa  on  May  8  and  his  first  moth  on 
May  17. 

The  adult  larva  tapers  strongly  toward  either  end,  and  attains  a 
length  of  three-eighths  to  a  half  an  inch,  or  slightly  more  when  in  motion. 
It  is  of  a  dull  reddish-brown  color,  the  reddish  color  predominating 
before  maturity  and  the  latter  after  maturity,  and  the  head  and  the 
cervical  and  anal  shields  are  dark  brown  or  almost  black.  The  space 
between  the  segments  is  noticeably  light-colored,  and  esi>ecially  between 
the  second  and  third  thoracic  segments.  The  hairs  are  long  and  spring 
singly  from  minute  tubercles.  Other  details  of  structural  features  are 
shown  in  the  illustration  (fig.  2,  b). 

In  confinemeot  the  larva  on  reaching  full  growth  spins  a  scanty  web, 
in  no  sense  a  close  cocoon,  in  the  leaves  and  rubbish  about  the  trees,  or 
on  the  trees  in  the  dried  and  shriveled  leaves  of  the  injured  shoots,  or  it 
attaches  itself  exposed  on  the  twigs  or  bark.  After  thus  securing  itself 
the  larva  immediately  pupates,  becoming  a  brown,  rather  robust,  chrys- 
alis (fig.  2,  c,  d).  In  midsummer  these  transformations  are  very  quickly 
accomplished.  A  larva,  for  example,  which  webbed  up  June  29,  pupated 
July  1,  and  the  adult  emerged  July  8. 

Mr.  Ehrhom  states  that  it  is  very  difficult  to  find  the  pupae  in  orchards, 
as  the  larvae  hide  in  all  sorts  of  places,  as  in  crotches  of  the  branches, 
between  dried  leaves,  and  about  small  peaches  likely  to  drop  off. 

The  chrysalis  stage  lasts  from  seven  to  ten  days,  and  the  moths  of 
the  first  brood  begin  to  appear  early  in  May  and  continue  to  emerge 
throughout  this  month  and  into  June  in  the  latitude  of  Washington. 

The  adult  moth  is  less  than  a  quarter  of  an  inch  in  length,  expanding 
a  little  more  than  half  an  inch,  and  is  of  a  beautiful  dark-gray  color, 
with  darker  spots  on  the  forewings,  as  indicated  in  the  illustration 
(fig.  3).  It  is  a  handsome  insect,  and  has  a  peculiar  way  of  resting  with 
its  palpi  bent  back  over  its  head  and  its  antennae  laid  closely  down  on 
the  wings. 

The  actions  of  the  moths  out  of  doors  have  been  recently  described 
by  Mr.  Oordley.  During  the  daytime  they  remain  i)erfectly  still  on  the 
bark  of  the  tree,  and  with  the  forepart  of  the  body  slightly  raised  and 
the  labial  palpi  held  rigidly  upright  in  front  of  the  face.  They  so 
closely  resemble  small,  rough  projections  of  the  bark  that  it  is  almost 
impossible  to  distinguish  them.  When  disturbed  they  dart  rapidly 
about  for  an  instant  and  then  as  suddenly  alight  in  a  new  position. 
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FlO.  9.-~Anar9ia  lineateUa :  a,  moth  with  spread 
wings ;  b  and  c,  same  with  wings  closed,  illus- 
trating position  normally  assumed— all  much 
enlarged  (original). 


The  egglaying  habits  of  this  insect  previous  to  1897  having  been 

merely  a  matter  of  coujectare,  special  effort  was  made  to  get  the  facts 

concerning  this  feature  of  the  life  history.    A  number  of  moths  reared 

in  the   insectary   were   confined 

about  May  10  with  i>each  twigs  8 

to  10  inches  in  length,  of  this  year's 

growth.    The  examination  of  the 

material  was   unfortunately   too 

long  delayed,  but  on  May  28  it  was 

found  that  many  eggs  had  been 

deposited  on  these  peach  twigs, 

an  egg  having  been  placed  appar- 
ently just  above  the  base  of  the 

petiole  of  nearly  every  leaf.  When 

examined,  most  of  the  eggs  had 

hatched  and  the  larvsB  had  entered 

the  twigs  at  or  near  the  crotch 

formed  by  the  leaf  and  twig,  the 

point  of  entrance  being  indicated 

by  alittlemassof  brown  excrement. 
The   egg  had   evidently   been 

placed  in  the  protection  formed  by 

by  the  two  little  spurs  at  the  base  of  the  petiole.    Subsequently  many 

other  eggs  were  obtained  from  other  moths,  and  they  were,  for  the  most 

part,  similarly  situated,  namely,  around  the 
base  of  the  leaves.  In  one  instance  nine  eggs 
were  deposited  around  the  base  of  a  single 
leaf,  six  of  them  close  together  under  one  of 
ihe  bracts  at  the  base  of  the  petiole  and 
three  in  the  depression  or  scar  left  by  the 
second  bract,  which  had  dropped. 

The  recently  deposited  eggs  are  white  in 
color  and  iridescent,  but  before  hatching 
become  distinctly  orange.  They  measure 
about  four-tenths  of  a  millimeter  in  length  by 
two-tenths  of  a  millimeter  in  breadth,  are 
somewhat  ovoid,  and  are  lightly  attached 
lengthwise  to  the  twig  by  a  glue-like  mate- 
rial. Under  a  high  power  they  are  seen  to 
be  coarsely  and  rather  regularly  reticulated, 
as  shown  in  the  illustration  (fig.  4,  a). 

In  confinement  the  moths  live  about  ten 
days,  and  most  of  the  egg-laying  is  in  the  first 

half  of  this  period.    The  habits  above  described  are  those  of  caged 

moths,  but  it  is  reasonable  to  suppose  that  in  a  state  of  nature  the  eggs 

are  deposited  in  much  the  same  way,  and  this  is  rendered  almost  cer- 


Fio.  i,^Anar9ia  HnsaUttaj  a,  egg ; 
5,  young  larva;  e,  eye;  d,  tho- 
racic leg  of  larva;  «,  anal  seg- 
ment from  above— all  greatly 
enlarged  (original). 
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tain  by  the  great  re|2^1arity  noted  in  the  manner  of  their  deposition. 
In  but  one  or  two  instances  were  the  eggs  placed  in  other  situations — 
one  being  placed  on  the  upper  surface  of  a  leaf  close  to  the  midrib,  and 
two  together  placed  in  a  groove  at  the  side  of  the  base  of  the  leaf. 

From  eggs  deposited  later  than  those  first  mentioned,  viz,  about 
June  3,  larvse  appeared  June  15,  indicating  a  period  of  about  twelve 
days  between  the  laying  of  the  egg  and  its  hatching. 

The  newly  hatched  larvse  measure  about  1  millimeter  in  length  and 
are  of  a  very  pale  yellow  color,  with  the  head  and  cervical  and  anal 
plates  black  and  the  thoracic  legs  dusky.  When  first  noted  they  had 
excavated  channels  somewhat  longer  than  themselves  and  about  twice 
as  broad  into  the  twigs,  the  entrance  being  miurked  by  a  small  mass  of 
excrement.  By  June  3  most  of  the  older  larvse  had  abandoned  their  orig  • 
inal  burrows  and  were  constructing  new  ones  in  similar  situations  on 
fresh  branches  of  the  peach,  with  which  they  were  from  time  to  time  sup- 
plied. This  they  continued  to  do,  viz,  to  construct  new  burrows  every 
few  days  until  they  were  full  grown.  On  June  23,  of  the  three  remain- 
ing individuals  of  this  lot  of  larvse,  one  had  already  pupated  in  a  folded 
leaf  and  the  other  two  were  fully  grown  and  about  ready  to  transform, 
which  they  both  did  before  the  end  of  the  month. 

About  the  end  of  June  some  peaches  were  received  from  Mr.  Bhrhorn, 
said  to  be  infested  with  the  second  brood  of  larvae.  Some  of  the 
peaches  had  been  bored  into  a  little  way  near  the  stem  by  what  was 
evidently,  from  the  size  and  nature  of  the  burrows,  nearly  full-grown 
larvae  of  the  second  brood.  One  of  these  was  found,  and  also  one  pupa. 
On  further  examination,  however,  it  was  discovered  that  the  larvae  of 
what  is  undoubtedly  the  third  brood  (the  second  of  the  summer  broods) 
were  present  in  numbers,  not  in  the  fruit,  but  in  the  short  stems  of  the 
fruit,  which  at  this  season  are  green  and  somewhat  succulent.  In  these 
stems  they  had  made  their  little  chambers  not  unlike  those  in  the  twigs 
above  described  or  those  in  the  crotches  in  the  fall,  except  that  they 
were  for  feeding  purposes  and  not  lined  with  silk,  as  are  the  latter. 
Others  were  also  found  at  the  base  of  the  leaf  stalks,  just  as  we  had 
been  finding  them  in  our  breeding  cages. 

We  were  unable  to  carry  our  breeding-cage  material  farther  than  this 
point  at  Washington,  D.  C,  and  Mr.  Ehrhom  was  unable  to  furnish 
additional  supplies,  but  he  writes  that  he  found  the  minute  larvae  in 
the  crotches  of  the  trees  as  early  as  August  21.  It  would  seem  from 
this  last  and  very  important  observation  that  some,  at  least,  of  the 
fourth  brood  of  larvae,  if  not  all  of  them,  go  into  winter  quarters,  and 
at  a  period  much  earlier  than  would  have  been  supposed. 

These  facts  go  a  long  way  toward  clearing  up  the  life  history  of  this 
insect,  and  indicate  a  much  more  uniform  habit  in  the  difierent  broods 
than  has  hitherto  been  supposed. 

The  old  idea  that  this  insect  is  double-brooded,  the  first  brood  living 
in  the  twigs  and  the  second  brood  affecting  the  ripening  frtiit,  must  be 


Digitized  by  VjOOQ IC 


11 

abandoned.  At  the  time  of  the  appearance  of  the  first  brood  of  moths 
during  the  month  of  May  the  fruit  of  the  peach  is  of  considerable  size, 
especially  by  the  end  of  the  month,  but  is  green,  hard,  and  densely 
hairy,  and  is  j^robably  rarely  if  ever  chosen  by  the  parent  moths  as  a 
nidus  for  her  eggs.  The  normal  location  of  the  eggs  and  the  point  at 
which  larval  development  begins  is  indicated  by  the  foregoing  notes, 
and  there  is  no  reason  to  doubt  but  that  at  all  seasons  of  the  year 
larv£B  develop  in  the  new  growth,  entering  normally  at  the  axils  of  the 
leaves  or  in  the  stems  of  the  green  fruit.  In  these  situations  the  eggs 
are  placed  and  the  young  larvae  construct  their  little  oval  chambers, 
which  they  abandon  from  time  to  time  to  make  new  ones,  rarely  doing 
enough  damage  in  the  later  broods  at  any  one  point  to  be  noticeable. 
As  they  attain  larger  size  they  travel  more  and  often  bore  into  fruit  near 
the  stem,  where  the  greater  exudation  of  gum  and  more  serious  character 
of  the  injury  draw  attention  to  them.  In  the  case  of  the  burrows  in  the 
twigs  the  more  abundant  new  growth  and  more  mature  condition  of  the 
wood  render  the  injury  much  less  noticeable,  nor  are  the  results  of 
the  attacks  so  marked  as  in  the  injury  to  the  new  growth  in  April. 

Our  records  for  the  first  summer  brood  indicate  a  period  of  about 
six  weeks  as  necessary  for  its  complete  development.  The  time  neces- 
sary in  the  warmer  months  for  the  later  broods  is  probably  even  less, 
and  it  is  evident  that  there  are  certainly  three  broods  of  larvae  annually, 
if  not  four. 

One  of  the  important  points  remaining  to  be  cleared  up  in  regard  to 
this  insect  is  whether  the  larvae  found  in  the  crotches  of  the  branches 
in  late  summer  and  fall  come  from  eggs  placed  in  these  situations  or 
are  migrants  from  some  other  parts  of  the  plant.  Mr.  Ehrhorn's  suppo*. 
sition  that  the  eggs  were  placed  by  the  moth  where  the  larval  chambers 
are  afterwards  found  is  borne  out  by  the  small  size  of  the  larvae,  which 
are  not  much  larger  than  when  newly  hatched.  The  comparatively 
large  size  of  the  egg,  and  its  striking  api)earance,  and  the  lack  of  any 
attempt  at  concealment  of  it  should  enable  one,  where  the  insect  is 
abundant,  to  clear  up  this  uncertain  feature  without  difficulty. 

THE  STEAWBEBBT  CBOWN-HIirBE  A  DISTIHCT  IHSECT. 

The  generally  held  belief  hitherto  that  the  lepidopterous  crown-miner 
of  the  strawberry  is  the  same  insect  as  the  twig-borer  of  the  peach 
will  have  to  be  abandoned.  If  there  were  no  other  evidence  on  which 
to  base  this  conclusion,  the  habits  of  the  twig-borer,  as  now  known, 
throughout  the  year  are  so  x>eculiar  and  distinctive  as  to  render  very 
improbable  the  supposed  strawberry  infesting  habit. 

That  we  have  two  distinct  insects  is  also  convincingly  shown  by  a 
comparative  study  of  the  larvae  from  the  strawberry  and  from  the 
twigs  of  stone  fruits,  obtained  from  various  parts  of  the  country,  made 
in  connection  with  an  examination  of  the  published  descriptions  of 
larvae  and  their  habits  from  both  sources.    So  dissimilar  are  the  larvao 
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that  there  is  no  basis  whatever  for  connecting  them  w^th  the  same 
insect,  and  in  fact  they  probably  belong  to  different  families. 

The  moths  of  the  strawberry  crown-miner,  on  the  other  hand,  are 
very  similar  in  appearance  to  the  moths  of  the  twig-borer,  as  dry, 
mounted  objects.  The  habits  of  the  living  iu  sects,  however,  of 
the  two  species  are,  on  the  authority  of  Mn  Oordley,  very  dissimilar. 
The  twig-borer  moths  are  slightly  larger  and  darker  colored  than  the 
strawberry  insect,  and  invariably  take  an  elevated  position  in  the 
breeding  cage  with  the  fore  part  of  the  body  slightly  raised  and 
the  labial  palpi  held  rigidly  upright  in  front  of  the  face,  as  elsewhere 
noted.  The  moths  reared  from  the  strawberry  crowns,  on  the  other 
hand,  crawl  down  among  the  vines,  even  into  crevices  in  the  soil,  appar- 
ently for  the  purx>ose  of  depositing  eggs  upon  the  crowns  of  the  plants, 
and  when  disturbed  run  or  flutter  about  with  wings  half  spread. 

This  strawberry  insect  seems  undescribed  although  its  larval  habits 
are  fairly  well  known.    The  important  consideration,  at  any  rate,  is  . 
established  that  the  culture  of  the  strawberry  presents  no  menace  to 
the  grower  of  stone  fruits,  since  the  damage  under  discussion  to  the 
two  plants  has  no  connection. 

HATVBAL  PAAASITEa 

That  the  larvae  of  the  peach  twig-borer  are  attacked  by  parasites  dur- 
ing the  hibernating  period  has  already  been  alluded  to,  and  in  fact,  of 
the  material  received  from  Mr.  Ehrhom,  nearly  all 
had  been  destroyed  by  a  minute  predaceous  mite, 
Fediculoides  ventricoaus  (fig.  5).    In  most  instances 
nothing  remained  of  the  larvae  except  the  empty  heads. 
Two  minute  hymenoptera,  or  four- winged  fly  para- 
sites, have  also  been  reared  from  the  larvae.    The  first 
of  these  was  obtained  by  Professor  Gomstock,  who 
in  his  studies  of  the  peach  twig-borer  reared  a  para- 
site from  it  which  he  did  not  name,  but  which  was 
later  described  by  Dr.  L.  O.  Howard  as  Copidosoma 
variegatum.    The  second  fly  parasite  of  Anarsia  was 
obtained  from  the  material  iu  tree  crotches  submitted 
no.6.-p«cKcutoidM    Y^y  ^Y.  Ehrhom,  and  proves  to  be  Oxymorpha  livida 

ventnecius — mach         "^  .  *  .  .  .    ,  ,       . 

enlarged  (origima).  Ashmcad,  a  widc-sprcad  species  quite  variable  in 
point  of  size. 

Of  these  parasites,  in  Oalifomia  the  greatest  benefit  is  derived  from 
the  mite,  which,  as  we  have  already  stated,  frequently  causes  the  death 
of  from  75  to  95  per  cent  of  the  young  larvae. 

BEMEDIES  AND  PBEVENTIVE8. 

The  common  method  of  procedure  against  this  insect,  and  the  one 
hitherto  generally  suggested,  is  to  clip  off  and  bum  the  withering 
infested  tips  in  the  spring  as  soon  ats  the  injury  is  noted.     The  forego- 
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ing  life  history  emphasizes  the  fact  that  it  is  necessary  to  do  this  very 
promptly,  for  the  larvee  remain  in  these  situations  a  very  short  time, 
and  early  in  May  will  have  abandoned  their  barrows  in  the  young 
shoots  to  transform,  often  elsewhere,  although  sometimes  pupating  in 
the  withered  leaves.  The  presence  of  dying  terminals  does  not  always 
indicate  that  a  larva  is  necessarily  present,  since  in  many  instances  it 
will  have  wandered  to  some  other  point.  With  large  orchards  this 
step  would  be  a  very  tedious  one,  and  with  trees  of  any  size  often 
impracticable. 

WINTBR  TRBATBABNT  WITH  KEROSENE  EBffULBION. 

The  knowledge  of  the  hibernating  habits  of  this  insect  indicates  a 
more  effective  method  of  control.  This  consists  in  spraying  the  trees 
during  December  or  January,  or  any  time  after  the  foliage  has  fallen, 
with  kerosene  emulsion,  resin  wash,  or  some  similar  oily  preparation 
which  will  penetrate  the  burrows  and  destroy  the  young  larvse.  Mr. 
Ehrhom  found  the  kerosene  treatment  very  satisfactory,  as  practiced 
in  California  in  the  winter  of  1897-98,  the  little  excremental  pellets  of 
the  larv8B  absorbing  the  oily  mixture  and  leading  it  directly  to  the 
insect  in  its  hibernating  cell.  For  Galilbmia  Mr.  Ehrhom  recommends 
that  the  application  of  the  mixture  should  be  begun  in  December. 

Kerosene  emulsion  has  one  advantage  over  other  oily  preparations, 
such  as  the  resin  wash,  in  that  it  is  more  penetrating  and  wiU  be  more 
certain  of  reaching  the  larvae. 

Where  the  emulsion  is  to  be  prepared  by  hand  it  is  better  to  make  it 
in  rather  small  quantities  at  a  time  in  order  to  secure  a  perfect  combi- 
nation of  oil  and  soap.  The  proportions  usually  taken  are  as  follows: 
Kerosene,  2  gallons;  whale-oil  soap,  half  a  pound;  water,  1  gallon. 

The  soap,  first  finely  divided,  is  dissolved  in  the  water  by  boiling  and 
immediately  added  boiling  hot,  away  from  the  fire,  to  the  kerosene. 
The  whole  mixture  is  then  agitated  violently  while  hot  by  being 
pumped  back  upon  itself  with  a  force  pump  and  direct  discharge 
nozzle,  throwing  a  strong  stream,  preferably  one-eighth  inch  in  diam- 
eter. After  from  three  to  five  minutes'  pumping  the  emulsion  should 
be  perfect,  and  the  mixture  will  have  increased  from  one-third  to  one- 
half  in  bulk  and  assumed  the  consist'Cncy  of  cream.  Well  made,  the 
emulsion  will  keep  indefinitely,  and  should  be  diluted  only  as  wautjdd 
for  use. 

For  the  treatment  of  large  orchards,  requiring  large  quantities  of 
the  emulsion,  it  may  be  advisable  to  prepare  it  with  the  aid  of  a  steam 
or  gasoline  engine  and  suitable  large  tanks,  as  has  been  very  success- 
fully and  economically  done  in  several  instances,  all  the  work  of  heat- 
ing, churning,  etc.,  being  accomplished  by  this  means.  When  thus 
made  the  following  proportions  may  be  suggested:  Kerosene,  10  gal- 
lons; whale-oil  soap,  2i  pounds;  water,  5  gallons.  As  a  winter  wash 
the  emulsion  may  be  diluted  with  about  six  volumes  of  water,  making  for 
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the  larger  quantity  about  100  gallons  and  the  smaller  about  20  gallons 
of  sprayiug  mixture. 

When  hard  water  is  employed  in  the  making  of  the  emulsion  or  in 
diluting  afterwards,  it  is  necessary  to  use  about  25  per  cent  more  soap, 
or  preferably  the  water  may  be  broken  with  lye,  or  rain  water  may  be 
used. 

In  the  use  of  kerosener  or  other  oily  washes  on  plants,  the  applica- 
tion should  be  merely. sufficient  to  wet  the  plant  without  causing  the 
liquid  to  run  down  the  trunk  and  collect  about  the  crown;  usually  at 
this  situation  there  is  a  cavity  caused  by  the  swaying  of  the  plant  in 
the  wind,  and  the  accumulation  of  the  insecticide  at  this  point  may 
result  in  the  death  or  injury  of  the  plant.  It  is  even  advisable  to 
mound  up  the  trees  before  spraying  or  to  see  that  the  earth  is  firmly 
packed  about  the  base.  Care  should  also  be  taken  in  refiUing  the  tank 
to  see  that  no  free  oil  is  allowed  to  accumulate  in  the  residue  left  at 
the  bottom. 

In  line  with  the  use  of  kerosene  emulsion  may  be  suggested  the  use 
of  pure  kerosene  mechanically  combined  with  water  in  the  act  of  spray- 
ing, as  is  now  effected  by  a  style  of  pump  specially  made  for  the  pur- 
pose. A  20  to  25  per  cent  solution  of  the  kerosene  can  be  used  without 
danger  to  the  plant  in  its  dormant  condition,  but  it  is  necessary  to 
watch  the  apparatus  employed  for  this  work  very  carefully  to  see  that 
the  proportion  of  oil  to  the  water  does  not  change,  and  on  the  whole 
it  is  much  safer  and  more  satisfo^ctory  to  use  the  kerosene  emulsion, 
the  strength  of  which  may  be  known  definitely  in  advance  and  is  not 
subject  to  variation. 

SPRINa  OR  FALL  TREATMENT  WITH  AR8ENICAL8. 

The  possibility  of  destroying  the  larvae  of  the  peach  twig-borer  by 
spraying  the  plants  with  arsenicals,  either  in  the  fall  or  spring,  has  also 
been  suggested,  but  such  treatment  demands  the  greatest  caution  on 
account  of  the  extreme  sensitiveness  of  the  foliage  of  the  trees  ordi- 
narily attacked  by  this  insect  to  scalding  when  sprayed  with  these 
poisons. 

The  fall  treatment  is  directed  against  the  last  brood  of  larvae,  and  to 
be  effective  the  poison  should  reach  the  parts  of  the  plant  where  the 
eggs  are  most  apt  to  be  placed,  presumably  the  crotches  of  the  branches. 
Many  of  the  larvae  might  thus  be  x>oisoned  while  eating  through  the 
bark  preliminary  to  the  construction  of  their  winter  retreats.  To 
effect  anjTthing  of  value  by  this  course  the  poison  must  be  applied 
early — that  is,  before  the  eggs  are  deposited — and  the  feasibility  of  the 
treatment  will  depend  somewhat  on  the  condition  of  the  trees  and  the 
damage  that  might  result  from  scalding  of  the  foliage  in  late  summer. 

As  a  spring  treatment,  the  arsenical  spray  should  be  applied  to  the 
trees  at  the  moment  the  leaf  buds  begin  unfolding,  so  that  the  first  meal 
taken  by  the  over- wintered  larvae  will  be  a  poisonous  one.    The  difficulty 
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with  this  method  is  that  already  ^ven — ^namely,  the  extreme  sensitive- 
ness of  the  foliage  of  the  peach  and  allied  froits  to  damage  by  scald- 
ing with  arsenical  sprays — and  if  this  method  is  followed  the  poison 
should  not  be  used  in  much  greater  amount  than  1  pound  of  the  arsenical 
to  400  gallons  of  water,  previously  mixing  the  poison  up  with  an  equal 
weight  of  lime  in  a  small  amount  of  water. 

The  experience  in  Oalifomia  with  the  arsenicals,  as  reported  by  Mr. 
Ehrhom^  has  not  been  satisfactory.  It  has  been  found  very  difficult 
iu  actual  practice  to  use  them  without  danger  to  the  plants.  The 
winter  treatment  with  kerosene  emulsion,  first  described,  is  therefore 
especially  and  strongly  advised. 
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LETfER  OE  TRAXSMrrTAL, 


U.  S.  Departmknt  of  Agricultcre, 

Office  of  Experiment  Stations, 

Uashington,  D.  C,  June  ly  1S9S, 
Sir:  I  have  tbo  honor  to  transmit  bcrcwitli  an  article  on  corn  culture  in  the  South, 
b^  Prof.  S.  M.  Tracy,  M.  S.,  formerly  director  of  the  Mississippi  Agricultural  Experi- 
nioiit  Station.  The  puriioso  of  the  article  is  to  encourage  tbo  more  extensive  grow- 
ing of  corn  in  those  jiortious  of  the  South  where  its  culture  has  hitherto  been  more 
or  less  neglected.  Professor  Tracy's  long  experience  in  experiment  station  work 
and  bis  wide  acquaintance  with  agricultural  conditions  in  the  Southern  States  hav© 
made  it  possible  for  him  to  prepare  an  article  in  which  the  combined  results  of 
investigations  and  experience  on  this  subject  are  concisely  stated. 
I  recommend  the  publication  of  this  article  as  a  Farmers'  Bulletin. 

A.  C.  True, 

Director. 
Hon.  James  Wii^on, 

Secretary  of  Agriculture, 


CONTENTS. 


Introduction 3 

Tlie  soil  and  its  preparation 4 

Rotation 5 

Fertilizers 7 

Varieties 11 

Planting 14 

Cultivation -^ 16 

Harvesting  and  storing  the  crop 19 

Saving  seed 22 

Summary 23 

2 


Digitized  by  VjOOQ IC 


CORN  CULTURE  IN  THE  SOUTH. 


INTRODUCTION. 

During  tho  lust  ten  years  the  rapid  growth  of  the  live-stock  industry, 
the  continually  decreasing  price  of  cotton,  and  the  more  general  appre- 
ciation of  the  advantnges  of  diversifying  crops  have  led  to  a  marked 
increase  in  the  acreage  of  corn  and  a  corresponding  increase  in  tho 
importance  of  this  crop  in  all  of  the  Southern  States.  This  increase 
Las  not  been  sudden  or  irregular,  but  has  come  naturally  withj;he 
grailnal  and  constant  change  in  conditions,  and  all  indications  point 
to  a  still  greater  increase  in  the  near  future. 

It  is  true  that  the  average  yield  per  acre  of  corn  in  the  South  is  not 
equal  to  that  secured  in  the  corn  States  of  the  Northwest,  but  that  this 
is  owing  more  to  methods  of  culture  than  to  differences  in  soil  or 
climate  is  evidenced  by  the  fact  that  tho  largest  yield  of  corn  on 
record — 237  bushels  per  acre — was  growji  in  South  Carolina,  and  that 
the  census  of  1S80  showed  that  the  second  heaviest  yield  per  acre  for 
any  whole  county  in  the  United  States  was  made  in  Issaquena  County, 
Miss.  So  long  as  cotton  commanded  high  prices  the  planter  was  satis- 
lied  to  exchange  it  for  corn.  The  best  land  and  the  best  labor  was 
given  to  cotton,  and  the  corn,  if  any  was  grown,  was  given  second 
choice  in  tho  division  of  the  fields  and  only  such  labor  and  attention 
as  could  be  conveniently  spared  from  the  cotton.  No  more  corn  was 
grown  than  was  used  on  tho  plantation,  and  the  supply  was  usually 
exhausted  long  before  the  new  crop  was  ready  for  use,  and  often  before 
it  was  planted.  Under  such  conditions  the  corn  crop  was  of  only  sec- 
ondary importance,  and  was  not  relied  upon  as  a  market  or  a  money 
crop. 

With  a  continually  increasing  demand,  however,  more  attention  is 
now  being  given  to  corn,  and  wherever  it  has  received  the  same  care 
and  attention  which  have  been  given  to  cotton  the  results  have  been 
fully  as  profitable  and  satisfactory. 

The  South  has  special  advantages  for  the  raising  of  corn,  in  the  long 
season  during  which  it  may  be  grown  and  in  the  ready  sale  for  the 
crop  at  remunerative  prices.  Planting  may  be  done  as  early  as  Feb- 
ruary in  the  Gulf  States,  or  it  may  be  deferred  until  after  a  crop  of 
oats  or  clover  has  been  gathered  from  the  laiul  in  June.  Killing  frosts 
rarely  occur  before  November,  so  that  even  the  latest  plantings  have 
ample  time  to  mature,  while  the  early  plantings  may  be  harvested  in 
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time  for  growing  hay  or  for  sowing  winter  oats  or  some  other  crop  on  the 
same  ground.  Kotwithstandiug  the  great  increase  the  local  demand  is 
not  yet  fully  supplied  and  in  most  localities  the  entire  crop  finds  a  ready 
sale  in  the  home  market  and  at  prices  which  Western  corn  growers 
would  regard  as  very  high.  In  a  few  localities  it  has  been  sold  occa- 
sionally as  low  as  25  cents  per  bushel,  but  that  price  has  been  rare  and 
local,  50  cents  i>er  bushel  being  nearer  the  average  through  the  Gulf 
States,  the  price  being  somewhat  less  than  that  in  the  northern  section 
nud  higher  further  south. 

With  a  soil  and  climate  well  suited  to  its  growth  and  with  an  increas- 
ing homo  demand  for  the  crop  the  cultivation  of  corn  is  certain  to 
become  one  of  the  leading  farm  industries  of  the  South  in  the  near 
future.  Methods  of  culture  and  of  handling  the  crop  necessarily  differ 
in  many  ways  from  those  followed  in  other  parts  of  the  country,  and,  it 
is  the  aim  of  this  bulletin  to  describe  briefly  those  practices  which  have 
been  found  most  profitable  and  economical  in  the  region  south  of  the 
Ohio  River. 

THE  SOIL  AITD  ITS  PREPARATION. 

Any  soil  which  will  produce  a  good  crop  of  cotton  will  also  produce 
good  corn,  although  dry,  upland  clay  soils,  which  will  make  a  fair  yield 
of  cotton  when  well  fertilized,  are  not  so  well  suited  to  corn  as  those 
which  are  richer  in  decayed  vegetable  matter  (humus)  and  so  suflfer 
less  from  drought.  Heavy  crops  of  corn  can  often  be  grown  on  soils 
which  produce  a  too-rank  growth  of  cotton  stalks  without  a  correspond- 
ing amount  of  fruit.  The  best  soil  for  corn  is  a  rich,  sandy  loam  which 
is  well  drained  and  which  contains  a  fair  amount  of  humus.  As  com 
makes  a  rapid  and  succulent  growth  it  should  be  grown  on  a  soil  which 
holds  moisture  well,  and  as  the  weight  of  the  cars  bears  a  close 
proportion  to  the  size  of  the  stalks  the  soil  can  not  well  be  too  rich. 
Humus  is  of  more  importance  in  the  retention  of  moisture  than  any 
other  one  ingredient  of  the  soil,  and  a  loamy  soil  which  is  rich  in  this 
material  seldom  sufi^ers  from  drought. 

One  of  the  best  soils  for  corn  is  one  on  which  red  clover  has  been 
grown.  Both-  crops  flourish  on  the  same  kinds  of  soil,  and  the  decaying 
stems  and  roots  of  the  clover  furnish  a  good  part  of  both  the  humus 
and  the  food  needed  by  the  corn.  When  old  clover  fields  are  not 
available,  land  on  which  melilotus  (sweet  clover)  has  been  grown  is 
nearly  or  quite  as  good.  In  fact,  any  land  which  has  made  good  crops 
of  hay  will  make  a  good  crop  of  corn  immediately  after  the  sod  has 
been  plowed.  It  is  not  always  i)ossible  to  secure  fresh  sod  land  on 
which  to  grow  corn,  and  in  such  cases  the  preceding  crop  should,  if 
possible,  be  cowpeas  or  vetches,  both  of  which  make  a  mnk  growth 
aiid  furnish  large  amounts  of  humus  which  is  rich  in  nitrogen  col- 
lected from  the  air.  The  decaying  organic  matter  also  exerts  an 
important  solvent  effect  on  the  mineral  elements  in  the  soiL 
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Owin^cr  to  the  heavy  winter  rainfall  in  the  SoulLern  States  plowing 
Bliould  be  clone  only  a  short  time  before  planting.  Fall  plowing  for  tora 
is  seldom  a  good  practice,  excepting  ou  new  ground  where  a  tough  sod 
must  bo  rotted  before  the  soil  can  bo  rajide  mellow.  It  is  not  a  good 
practice  to  leave  the  bare  soil  exposed  to  the  washing  and  leaching  of 
the  winter  rains.  For  this  reason,  when  tough  sod  land  is  to  be  planted 
in  corn  it  is  usually  better  to  plow  in  the  preceding  spring  or  ejirly 
Bummer  and  sow  in  peas,  as  the  peas  will  rot  and  mellow  the  sod  better 
than  any  other  crop  which  can  be  grown,  and  corn  seldom  fails  to  make 
a  heavy  yield  on  land  treated  in  that  manner.  The  plowing  should  bo 
deep  and  thorough,  but  whether  subsoiling  is  proQtable  is  still  an  open 
question.  !Many  who  have  tried  subsoiling  have  found  it  followed  by 
such  a  marked  decrease  in  the  crop  that  they  have  abandoned  the 
practice  after  the  first  season,  while  a  few  others  have  found  it  to  pro- 
duce a  very  satisfactory  increase  in  the  crop  and  regard  it  as  a  neces- 
sary part  of  the  most  economical  method  of  preparing  the  soil  for 
planting.  The  black  prairie  and  river  bottom  soils  are  usually  improved 
by  both  deep  plowing  and  subsoiling,  while  heavy  clays  and  light  sandy 
lands  give  better  yields  when  the  plowing  is  not  too  deep. 

Whether  the  plowing  should  bo  done  flat  or  in  beds  depends  on  the 
lay  of  the  fields.  Lands  which  are  sufficiently  rolling  to  allow  the  sur- 
face water  to  run  off  quickly  should  be  plowed  flat,  while  creek  and 
river  bottom  lands  on  which  water  is  liable  to  stand  after  heavy  rains 
will  do  better  when  plowed  in  beds.  Formerly  nearly  all  corn  lands 
were  plowed  in  4-foot  beds  made  by  throwing  four  furrows  together  as 
is  done  for  cotton,  and  the  planting  was  done  on  the  top  of  the  bed. 
This  practice  is  now  being  abandoned  on  all  lands  excepting  those  lia- 
ble to  overflow,  and  even  there  the  beds  are  now  often  made  8  feet  in 
width,  giving  room  for  two  rows  on  each  bed,  which  is  much  the  better 
plan.  Bedding  requires  more  labor  than  plowing  flat,  has  no  advan- 
tages, and  has  many  disadvantages  on  well-drained  lands,  and  should 
never  be  practiced  where  it  can  be  avoided. 

The  harrowing  should  be  as  thorough  as  the  plowing,  and  there  is  no 
danger  that  it  will  be  overdone.  The  harrow  should  follow  the  plow 
very  closely  in  order  to  pulv^erize  the  soil  before  it  becomes  dried  in 
Lard  clods,  and  if  the  land  is  not  planted  immediately  the  harrow 
should  be  used  again  just  before  planting  to  kill  the  gei-minating  weed 
seeds.  The  labor  expended  in  a  thorough  preparation  of  the  soil  shows 
its  effects  through  the  whole  season  in  the  better  stand  which  will  be 
secured,  in  the  less  amount  of  labor  needed  in  cultivation,  and  in  the 
increased  yield. 

EOTATIONS. 

A  crop  of  cotton  occupies  the  land  during  the  entire  year  and  is  a 
poor  preparatory  crop  for  corn,  but  where  it  is  made  the  priiicipal  crop, 
as  it  will  always  be  on  many  x)lantatious,  corn  must  sometimes  follow 
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it,  and  the  best  rotation  mast  depend  on  the  proportionate  areas  wliicli 
are  given  to  each  of  tlio  two  crops.  Where  two  thirds  or  more  of  the 
land  is  used  for  cotton,  with  no  permanent  hay  fields,  as  is  very  com- 
mon in  the  Yazoo  Delta  and  many  other  rich  alluvial  regions,  a  common 
rotation  is:  First  year, cotton j  second  year,  corn  and  cowpcas  and  win- 
ter oats  and  vetch;  third  year,  cotton. 

This  rotation  is  almost  the  only  one  possible  where  nearly  all  of  the 
plantation  is  used  for  cotton.  The  corn  should  be  planted  as  early  as 
I)ossible  and  at  the  last  cultivation  cowpcas  should  be  sown  between 
the  rows.  The  crop  can  be  harvested  by  September,  when  the  ground 
should  be  sown  at  once  with  a  mixture  of  tnrf  oats  and  hairy  vetch. 
The  oats  and  vetch  will  grow  through  the  winter,  furnishing  excellent 
winter  grazing,  or  they  maybe  cut  for  hay  in  April  in  time  for  planting 
cotton  again.  Where  so  little  corn  is  grown  it  is  almost  always  po.ssi- 
blc  to  find  a  place  for  it  where  some  crop  other  than  cotton  was  grown 
the  previous  year,  and  where  such  an  arrangement  of  fields  can  be  made 
it  is  always  better  than  to  put  corn  on  land  which  has  been  in  a  hoed 
crop  the  preceding  season. 

Where  only  one  half  the  land  is  used  for  cotton,  different  rotations 
are  more  easily  arranged.  One  four-year  rotation  which  gives  very 
good  satisfaction  is:  First  year,  cotton;  second  year,  cotton;  third 
year,  cowpeas  and  oats  and  vetch;  fourth  year,  corn  and  cowpeas.  In 
this  rotation  the  corn  is  preceded  by  two  leguminous  crops,  while  tho 
cowpeas  grown  with  the  corn  leave  the  land  in  excellent  condition  for 
the  following  cotton  crops. 

Where  red  clover  can  be  grown  a  better  rotation  is  one  which  occu- 
pies the  ground  for  four  years,  but  can  be  extended  to  a  longer  time  by 
repeating  the  cotton  crop,  as  follows:  First  year,  cotton;  second  year, 
cowpeas  and  clover;  third  year,  clover;  fourth  year,  clover  and  corn; 
fifth  year,  cotton.  In  this  rotation  the  cowpeas  are  sown  early  in  the 
spring  of  the  second  year  and  made  into  hay  in  September,  in  time  for 
the  sowing  of  clover.  The  clover  occupies  the  ground  all  of  the  third 
year,  and  will  give  one  heavy  cutting  in  May  of  the  fourth  year  in  time 
to  i)low  tho  land  for  corn.  This  is  one  of  the  best  rotations  for  general 
nse,  as  the  cowpeas  of  the  second  year  pnt  the  soil  in  fine  condition  for 
clover,  and  the  clover  is  the  best  possible  preparatory  croj)  for  corn. 
The  land  is  occupied  by  corn  and  forage  crops  three  years,  and  after 
such  a  preparation  will  make  several  successive  cotton  crops  by  the 
nse  of  only  small  amounts  of  chemical  fertilizers.  In  that  way  the 
rotation  can  be  made  to  cover  as  many  years  as  may  be  desired,  and 
the  land  is  never  idle.  Oats  may  be  grown  in  the  place  of  cowi^eas, 
but  as  the  crop  is  not  one  which  is  desirable  for  preceding  clover  it 
should  be  substituted  only  on  a  rich  soil  which  is  in  a  good  mechanical 
condition. 

W.  0.  Stnbbs,  of  the  Louisiana  Experiment  Station,  recommends  tho 
following  rotation  for  that  State:  Corn  and  cowpeas,  oats  and  cowpeas, 
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cotton.  E.  E.  Lloyd,  of  tho  Mississippi  Station,  in  speaking  of  tlie 
upland  lime  soil  of  that  State,  says:  "If  one  half  the  land  is  to  be  in 
cotton  and  the  other  half  in  corn,  I  would  fertilize  the  cotton  the  first 
year  with  250  pounds  each  of  cotton-seed  meal  and  kainit  and  would 
plant  cowpcas  in  the  corn  at  the  last  cultivation.  Tlie  second  year  I 
would  plant  the  corn  land  in  cotton  and  fertilize  with  100  pounds  of 
cotton  seed  meal  and  200  of  kainit,  planting  corn  and  cowpcas  on  tho 
cotton  land  of  tho  previous  year.  The  third  year  I  would  plant  cotton 
on  the  corn  land  and  fertilize  with  200  pounds  of  kainit.  I  would  con- 
tinue that  alternation,  using  less  commercial  fertilizer  and  no  meal 
after  tho  second  year,  as  the  cowpeas,  if  plowed  under,  will  be  sufficient 
to  maintain  the  fertility  of  tho  soil.^  J.  F.  Duggar,  of  the  Alabama 
College  Station,  recommends  the  following:  "First  year,  corn,  with 
cowpeas  between  the  rows  if  the  land  produces  less  than  20  bushels 
of  com  per  acre,  followed  by  winter  oats;  second  year,  winter  oats 
followed  by  cowpeas;  third  year,  cotton.  A  more  practical  system,  as 
giving  a  larger  area  in  cotton,  is  a  four-year  rotation,  begun  as  above, 
and  completed  with  cotton  in  the  fourth  year."  li.  J.  Kcdding,^  of  the 
Georgia  Station,  recommends  the  following  for  a  three  year  rotation: 


Tears. 

Division  1. 

Division  2. 

Division  3. 

Division  4. 

Pint  \car  . . . 

Small  grain  and  co  w- 

jM'as. 
Cotton 

Cotton 

Corn  and  cowpcas . . 

Smnll  grain  and  cow- 

peas. 
Cotton 

Orchawls,  truck,  for- 
ttce,  etc 
Do. 

Seconil  YCAr. 

Corn  and  cowpcas  . . 

Small  grain  and  cow- 
pcas. 

Third  year... 

Corn  and  coxrpoas.. 

t 
Do. 

"In  the  above  plan  the  farm,  for  convenience,  is  supposed  to  bo 
divid(Ml  into  four  approximately  equal  divisions.  •  •  ♦  On  many 
farms  tho  divisions  might  be  extended  to  five,  tho  fifth  to  include  a 
more  or  less  permanent  i)asture." 

J.  S.  Newman,  of  the  South  Carolina  Station,  recommends  corn  and 
cowpeas,  followed  by  small  grain  sown  in  tho  fall  for  the  first  year. 
The  second  year  the  small  grain  is  followed  by  cpwpeas,  and  the  rota- 
tion is  completed  by  cotton  the  tliird  year. 

Every  planter  will  use  a  rotation  to  suit  his  own  land  and  circum- 
stances, and  those  given  above  may  be  modified  to  meet  almost  any 
requirements.  Whatever  rotation  may  be  adopted,  some  leguminous 
crop,  clover,  raelilotus,  vetch,  or  cowpeas,  should  be  grown  immediately 
preceding  the  corn  if  possible. 

FEBTIUZERS. 

As  already  suggested,  red  clover,  cowpeas,  and  other  leguminous 
plants  are  the  best  fertilizers  which  can  be  used  for  corn.  On  land 
which  has  produced  a  good  crop  of  any  of  these  plants  very  little 
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additional  fertilizer  of  any  kind  is  needed  to  insure  a  good  yield  of 
corn  the  following  season.  The  abundant  supply  of  nitrogen  furnished 
by  these  plants  affords  a  large  part  of  that  needed  by  the  corn,  and  in 
addition  to  this  the  forage  crop  makes  avjiilable  a  large  amount  of 
other  x>lant  food  in  the  soil  which  could  not  be  reached  directly  by  the 
corn  roots.  The  humus  left  in  the  soil  is  as  valuable  in  its  effects  as  is 
the  increased  supply  of  food.  The  provision  of  an  ample  supply  of 
humus  is  an  essential  item  in  economical  fertilizing,  and  one  which 
is  too  often  overlooked.  Ilumus  is  the  great  regulator  of  the  supply  of 
moisture,  and  it  also  has  a  powerful  solvent  eft'cct  on  the  potash  and 
phosphoric  acid  in  the  soil.  This  solvent  action  is  especially  effective 
on  the  phosphoric  acid,  soils  rich  in  humus  having  several  times  the 
amount  of  soluble  phosphoric  acid  which  is  found  in  soils  poor  in 
humus.*  Although  humus  from  other  sources  appears  to  have  the 
same  moisture-regulating  and  solvent  effects,  still  the  use  of  legumi- 
nous plants  for  its  production  is  more  economical,  as  such  plants  draw 
a  large  amount  of  nitrogen  from  the  air  and  leave  it  in  the  soil,  and 
thus  provide  the  most  expensive  element  of  fertility  without  cost. 

When  for  any  reason  the  land  can  not  be  made  fertile  by  the  growing 
of  legumes,  barnyard  manure  is  next  in  value  as  furnishing  the  neces- 
sary humus  and  nitrogen,  though  it  should  ordinarily  be  supplemented 
with  potash  and  phosphoric  acid.  Barnyard  manure  varies  so  widely  in 
comi)Ositiou  that  no  exact  value  can  be  assigned  to  it,  nor  can  any  defi- 
nite rule  be^made  as  to  the  amounts  which  should  be  used  on  different 
soils.  Ordinarily  its  greatest  value  is  in  its  humus-making  capacity, 
and  this  is  especially  tnie  in  the  South,  where  it  is  seldom  kept  under 
cover  and  where  the  soluble  potash  and  phosphoric  aeid  are  largely 
leached  out  and  the  nitrogen  lost  in  the  air  before  the  manure  is  spread 
on  the  land.  This  loss  of  fertilizing  elements  can  be  largely  avoided 
by  hauling  the  manure  to  the  field  as  fast  as  it  is  made,  but  that  is  not 
always  practicable.  If  barnyard  manure  alone  is  used  as  a  fertilizer 
there  is  little  danger  that  the  application  will  be  too  heavy.  Ordinarily 
it  is  better  to  apply  it  broadcast  before  plowing,  and  it  is  better  to  give 
a  part  of  the  field  a  heavy  dressing  once  every  few  years  than  to  make 
a  very  light  application  over  the  whole  every  year.  If  the  manure  is 
fresh  and  coarse,  full  of  cornstalks,  straw,  and  other  rubbish,  it  should 
be  used  on  clay  rather  than  on  sandy  soils,  while  if  fine  and  well 
rotted  it  will  be  more  effective  on  the  lighter  soils.  Less  than  20 
wagonloads  per  acre  will  not  often  produce  marked  results,  and  if  50 
loads  per  acre  are  available  they  can  be  used  with  profit.  The  manure 
will  be  much  more  effective  if  from  100  to  200  pounds  per  acre  of  acid 
phosphate  is  mixed  with  it  when  it  is  hauled  to  the  field,  and,  at  plant- 
ing, the  same  weight  of  kainit  or  one-fourth  as  much  muriate  of  potash 
should  be  used  under  the  seed. 

When  neither  green  manuring  nor  barnyard  manure  is  available, 
cotton  seed,  cotton-seed  wieal,  potash  salts,  and  phosphates  must  be 
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used,  the  quantities  and  proportions  varying  witli  tlie  cliaractcr  of  the 
soil.  The  necessary  supply  of  nitrogen  can  be  secured  most  econom- 
ically from  either  cotton  seed  or  cottonseed  meal,  the  former  being 
better  for  heavy,  clay  soils,  while  the  latter  is  more  effective  on  light, 
sandy  lands.  Nominally  1  pound  of  the  meal  has  a  fertilizing  vuhie 
equal  to  that  of  2J  pounds  of  seed,  but  their  relative  effects  may  vary 
"widely  from  those  proportions.  The  seed  furnishes  a  much  larger 
amount  of  humus  than  does  meal  containing  an  equal  amount  of  plant 
food,  and  so  is  more  eff'ective  on  soils  which  have  not  recently  been 
fertilized  with  vegetable  matter.  The  whole  seed  makes  a  heavy  soil 
lighter,  looser,  and  more  easily  worked,  while  meal  has  the  contrary 
effect.  Tlie  whole  seed  is  more  lasting  in  its  effects  than  is  meal,  a 
considerable  part  of  it  not  being  exhausted  before  the  end  of  the 
second  season. 

The  common  practice  of  wetting  the  seed  and  allowing  it  to  heat 
sufficiently  to  kill  the  germ  before  using  it  is  wholly  unnecessary  wlien 
it  is  used  as  a  fertilizer  for  corn,  as  it  is  used  so  early  in  the  season 
that  nearly  all  of  it  will  be  killed  in  the  ground,  and  even  if  a  few 
seeds  should  germinate,  the  young  plants  will  be  killed  by  the  first 
cultivation  and  will  decay  so  quickly  that  nothing  will  be  lost.  When 
the  whole  seed  is  used,  from  23  to  50  bushels  per  acre  is  a  fair  appli- 
cation. 

Cotton-seed  meal  is  better  than  the  whole  seed  for  use  on  light 
soils.  It  makes  such  soils  more  compact,  and  thus  less  easily  affected 
by  drought,  which  is  often  an  important  item  on  the  soils  of  the  pine 
woods  and  Gulf  region.  It  decays  and  becomes  available  for  plant 
food  very  quickly,  and  nearly  all  of  its  fertilizing  value  will  have  been 
exhausted  by  the  end  of  the  growing  season.  From  200  to  400  pounds 
•per  acre  may  be  used  to  advantage,  and,  like  the  seed,  it  should  be 
supplemented  by  the  addition  of  potash  and  phosphoric  acid.  When 
the  larger  amount  is  to  be  used,  especially  on  soils  which  are  very  light, 
it  is  better  to  use  it  in  two  applications,  the  first  being  made  in  the 
drill  just  before  the  corn  is  planted,  and  the  other  at  the  time  of  the 
last  cultivation,  when  peas  should  be  plantetl  between  the  rows.  The 
best  general  rule  is  to  use  whole  seed  on  heavy  soils  and  for  lasting 
effects,  and  meal  on  light  soils  and  for  quick  results. 

Corn  has  a  comparatively  long  period  of  gi'owth,  covering  that  part 
of  the  year  when  decomposition  goes  on  quite  rapidly  in  the  soil.  For 
this  reason  it  utilizes  to  best  advantage  the  slow-acting  nitrogenous 
fertilizers,  such  as  green  manures,  barnyard  manure,  cotton  seed, 
cotton-seed  meal,  etc. 

Potash  can  be  best  secured  either  as  kainit  or  as  muriate  of  potash. 
The  actual  potash  in  each  appears  to  be  equally  available  and  valuable, 
BO  the  choice  between  the  two  will  depend  on  their  relative  prices.  As 
a  ton  of  the  muriate  contains  four  times  as  much  potash  as  a  ton  of 
kainit,  the  consumer  can  afford  to  pay,  including  freight,  four  times  as 
much  for  it.    When  freight  forms  any  large  part  of  the  expense,  the 
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ninriatc  is  usually  tlio  rlieaper  form.  Cotton-linll  ashes  arc  wortli  more 
than  twice  as  much  as  kainit,  as  they  contain  nearly  double  the  amount 
of  potash  in  addition  to  nearly  9  per  cent  of  phosphoric  acid,  and  are 
the  more  economical  fertilizer  when  they  can  be  bought  for  double  the 
price  of  kainit.  Tlie  amount  of  i>ota8h  needed  varies  greatly  for  dif- 
ferent localities,  and  no  definite  rule  for  its  use  can  be  formulated.  In 
the  work  of  the  Louisiana  Station  it  has  rarely  proved  necessary  or 
profitable.  The  Mississippi  Station  found  it  more  beneficial  than  phos- 
phoric acid  on  upland  lime  soils,  and  equally  necessary  in  the  coast 
region,  while  in  the  pine  woods  region  of  the  State  it  produced  little  or 
no  effect.  At  the  Alabama  Station  its*  effects  have  been  uncertain, 
apparently  producing  a  marked  increase  in  the  crop  at  some  times  and 
being  wholly  ineffective  at  others.  At  the  Georgia  Station  it  has  also 
been  very  uncertain  in  its  action,  though  more  often  beneficial,  llesults 
of  experimental  work  in  South  Carolina  and  Florida  have  been  exceed- 
ingly variable,  while  at  the  Kentucky  Station  potash  has  uniformly 
given  good  returns.  In  all  of  the  Southern  States  it  has  been  impossible 
to  make  reliable  predictions  as  to  the  effects  of  potash  on  untried  soils, 
though  there  is  no  doubt  that  less  is  needed  on  fresh  land  than  on  that 
which  has  been  long  in  cultivation,  and  that  it  is  more  effective  on  lime 
soils  than  elsewhere. 

Phosphoric  acid  can  usually  be  secured  in  form  of  acid  phosphate  at 
less  cost  than  in  any  other  form.  The  field  tests  made  at  all  the  Southern 
stations  indicate  its  need  on  all  soils  excepting  perhaps  those  which 
are  very  rich  in  lime.  On  strong  lime  soils  its  effects  are  not  certain, 
and  it  is  not  as  uniformly  pro'tttable  as  when  used  on  the  pine  woods 
and  coast  soils.  When  used  on  a  soil  colored  red  by  iron  a  large  pari; 
of  the  phosphoric  acid  soon  combines  with  the  iron  and  becomes 
insoluble  and  inert.  For  that  reason  it  is  more  effective  when  used  on 
a  soil  rich  in  humus,  and  before  it  is  spread  upon  the  land  it  is  better 
to  mix  it  with  the  manure,  cotton  seed,  or  meal  than  with  the  kainit  or 
muriate.    From  200  to  300  pounds  per  acre  is  a  fair  amount  for  use. 

As  has  already  been  stated,  there  can  be  no  definite  and  invariable 
rule  in  regard  to  either  the  composition  or  amounts  of  fertilizers  which 
should  be  used  for  corn,  as  both  must  be  regulated  by  the  natural 
character  of  the  soil  on  which  they  are  to  be  used  and  by  the  previous 
treatment  of  the  land.  W.  C.  Stubbs,  of  the  Louisiana  Station,  says: 
"The  crying  need  of  the  hills  and  bottom  lands  of  Louisiana  is  nitro- 
gen, and  this  has  its  best  effects  when  combined  with  phosphoric  acid. 
Upon  the  bluff  lands  we  find  that  the  reverse  is  true;  that  the  crying 
want  is  phosphoric  acid,  and  the  best  results  are  secured  when  com- 
bined with  small  amounts  of  nitrogen."  E.  11.  Lloyd,  of  the  Mississippi 
Station,  says:  "I  recommend  250  pounds  each  of  cotton  seed  meal  and 
tainit  per  acre,  applied  in  the  drilL  If  used  broadcast  double  those 
amounts  should  be  used.  I  prefer  a  good  rich  compost  to  either.'^ 
J.  F.  Dnggar,  of  the  Alabama  College  Station,  recommends  the  use  of 
coarse  manure  and  cotton  seed  under  corn,  sui>i)lementing  the  cotton 
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seed  with  acid  phosphate.  The  results  of  several  years'  worfe  at  the 
Georgia  Station^  indicate  that  a  fertilizer  for  corn,  on  the  average  soils 
of  middle  Georgia,  should  contain  phosphoric  acid,  potash,  and  nitro- 
gen in  about  the  following  proportions: 

Per  cent. 

Available  pliospboric  acid 7.00 

Potash ^ 1.  30 

Nitrogen 3.40 

These  proportions  would  be  furnished  by  the  following  mixture: 

Pounds. 

Acid  pbospliato 1,000 

Muriate  of  potash 55 

Cotton  meal 1,000 

Total 2,055 

The  muriate  of  potash  may  be  replaced  by  200  pounds  of  kainit. 

J.  S.  Xewman,  of  the  South  Carolina  Station,  recommends  cotton- 
seed meal  and  acid  phosphate  in  equal  quantities,  using  400  pounds  of 
the  mixture  in  the  drill. 

Most  commercial  fertilizers  absorb  moisture  from  the  air  so  quickly 
that  it  is  (^.ifficult  to  distribute  them  satisfactorily  by  the  use  of  any 
machine.  Probably  the  best  implement  for  the  purpose  is  a  cotton 
planter  with  an  agitator  which  will  prevent  the  fertilizer  from  clogging 
or  becoming  banked  against  the  sides  of  the  feed  box.  By  the  use  of 
such  an  implement  the  amount  distributed  can  be  regulated  very 
accurately,  and  the  fertilizer  is  placed  below  the  seed  bed  and  is  so 
well  mixed  with  the  soil  that  there  is  no  danger  that  it  will  burn  the 
tender  rootlets  of  the  young  plants.  When  such  an  implement  is  not 
available  very  good  work  can  be  done  by  fastening  a  section  of  a  horn 
or  even  a  tin  spout  in  one  corner  of  the  bottom  of  a  stout  bag  which  is 
filled  with  fertilizer  and  slung  over  the  shoulder.  The  opening  in  the 
lower  end  of  the  horn  must  be  of  such  size  that  it  will  not  clog  and  that 
the  flow  of  fertilizer  may  be  easily  regulated  by  the  h^ind.  A  little  prac- 
tice will  enable  the  workman  to  distribute  the  fertilizer  as  evenly  as  is 
necessary.  It  is  easy  to  estimate  the  part  of  an  acre  occupied  by  two 
rows,  and  from  that  the  workman  will  soon  learn  to  gauge  his  distribu- 
tion. If  the  fertilizer  is  distributed  by  hand  the  drill  should  first  bo 
opened  by  a  small  plow,  the  fertilizer  then  distributed,  and  if  the  phmt- 
ing  is  to  be  done  with  a  planter  it  may  follow  at  once,  but  if  the  corn 
is  to  be  dropped  and  covered  by  hand  it  is  better  to  follow  the  distrib- 
utor with  a  bull-tongue  plow  to  mix  the  fertilizer  with  a  few  inches  of 
the  surrounding  soil. 

VAEIETIES. 

For  all  ordinary  pur[X)ses  the  best  variety  of  corn  is  the  one  which 
will  produce  the  greatest  amount  of  shelled  grain  per  acre,  regardless 
of  the  time  of  rii^ening  or  of  the  size  of  either  stalks  or  ears.    In  the 
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South  the  growing  season  is  so  long  that  it  is  not  necessary  to  select 
quick-growing  varieties.  The  heaviest  yields  are  commonly  secnred 
from  varieties  which  require  from  140  to  170  clays  for  their  full  maturity. 
If  the  crop  is  to  he  planted  on  ground  from  which  oats,  clover,  or  some 
other  early  crop  hasbeeu  harvested,or  on  land  which  hasbeen  overflowed 
until  late  in  the  season,  some  of  the  earlier  maturing  sorts  should  be 
planted;  but  when  the  corn  is  planted  early  in  the  spring  any  variety 
will  have  ample  time  to  mature  before  frost,  and  the  longer  i)eriod  of 
growth  will  produce  the  larger  yield. 

From  the  results  of  hundreds  of  tests  at  experiment  stations  in  all 
parts  of  the  country  it  appears  that  heavier  yields  can  be  secured  from 
white  than  from  colored  varieties.  In  1,2G7  comparative  tests  with  490 
varieties  the  average  yield  of  217  white  varieties  has  been  2.5  bushels 
per  acre  in  excess  of  the  average  yield  of  tlie  273  colored  varieties 
grown  in  the  same  tests.*  At  only  one  of  the  stations  from  which  such 
tests  have  been  reported  have  colored  varieties  given  the  heavier  yield. 
Of  course  this  does  not  indicate  that  all  white  varieties  are  more  pro- 
ductive under  all  circumstances  than  is  any  yellow  variety,  but  such 
uniformity  in  results  secured  in  all  parts  of  the  corn-growing  section  of 
the  country  does  indicate  very  plainly  that  of  all  the  varieties  adapted 
to  any  special  locality  some  one  or  more  of  the  best  white  varieties 
will  produce  more  grain  than  will  any  of  the  colored  varieties.  In  this 
connection  it  is  interesting  to  note  that  the  white  varieties  of  wheat 
and  oats  also  give  larger  yields  than  do  the  colored  varieties  of  the 
same  grains. 

Whether  white  or  colored  corn  is  better  for  feeding  is  a  matter  of 
dispute.  Many  feeders  cliiim  that  colored  corn  is  "stronger,''  i.  e.,  that 
it  is  more  nutritious  and  fattening  tJmn  white  corn,  but  there  appears 
to  be  no  reliable  foundation  for  the  belief.  Chemical  analyses  show 
no  constant  or  material  differences  in  the  composition  of  different 
varieties.  Jenkins  and  Winton''*  give  the  composition  of  30  varieties 
of  white  dent  and  28  of  yellow  dent  corn  as  follows: 

Composition  of  white  and  yellow  corn. 


Pro. 
tein. 

Fot. 

Kitro- 

pen- 

freo 

extract. 

Fi. 
ber. 

Ash. 

White. 

P.et. 
11.6 
11.5 

P.ct 
5.8 
5.4 

P.et. 

78.4 
78.9 

P.ct. 
2.5 
2.5 

P.et, 
1.7 
1.8 

Yellow 

No  experiments  to  determine  the  relative  digestibility  of  different 
colored  varieties  have  been  reported,  but  with  so  little  diiference  in 
their  composition  it  is  highly  improbable  that  color  alone  in  any  way 
affects  their  feeding  values. 
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There  are  considerable  differences  in  the  root  systems  of  different 
varieties,  and  these  differences  may  often  be  sufficient  to  be  of  impor- 
tance in  deciding  on  the  relative  merits  of  different  sorta.  Strong  and 
well-spread  roots  are  necessary  to  hold  the  stalk  erect  after  it  reaches 
maturity,  or  there  will  be  a  loss  from  the  decay  of  ears  on  stalks  which 
have  fallen  or  been  blown  down  before  the  crop  is  gathered.  If  the 
stalks  are  to  be  cut  for  fodder  or  if  the  crop  is  to  be  gathered  as  soon 
as  it  is  matured,  a  strong  root  system  is  of  less  imi>ortance,  bat  if  the 
crop  is  to  remain  in  the  field  any  length  of  time  after  it  is  ripe  it  is 
very  desirable  that  it  should  be  on  stalks  which  will  not  full  to  the 
ground.  Colored  varieties  often  have  stronger  root  systems  than  do 
white  varieties,  and  so  are  usually  preferred  when  the  crop  is  not  to  be 
gathere<l  until  late  in  the  season.  Very  prolific  white  varieties,  like 
Blount  Prolific,  have  weaker  roots  than  the  single-eared  yellow  varie- 
ties, like  Evans  or  Learning,  though  most  single  eared  white  varieties 
have  roots  sufficiently  strong  to  hold  the  stalks  erect.  In  many  yellow 
varieties  the  grain  is  harder  than  in  most  of  the  white  varieties,  and  so 
is  less  liable  to  decay  if  it  falls  to  the  ground,  and  is  less  liable  to 
suffer  from  insects.  All  of  these  points  should  be  considereil  in  decid- 
ing on  the  variety  to  be  planted.  In  general  the  white  varieties  will 
give  the  heavier  yield,  and  jiro  the  bettor  when  the  crop  is  to  bo  gath- 
ered as  soon  fis  matured  and  is  protected  from  insects  until  used ; 
while  if  the  ripened  crop  is  to  remain  in  the  field  several  weeks,  some 
of  the  more  hardy  colored  varieties  will  bo  more  satisfactory. 

Whatever  may  be  the  color  of  the  grain  the  ears  will  be  larger  when 
only  one  is  borne  on  a  stalk  tlian  when  e.acli  stalk  produces  two  or 
more.  The  general  experience  of  Southern  cultivators  has  been  that 
larger  yields  have  been  secured  from  varieties  producing  two  medium- 
sized  ears  on  each  stalk  than  from  those  which  produce  only  one  largo 
ear,  while  varieties  which  bear  from  five  to  eight  ears  per  stalk  invari- 
ably give  small  ears  with  short  grains  and  a  smaller  weight  of  grain 
per  stalk  than  is  given  by  two  ears  of  medium  size  and  good  length  of 
grain. 

The  cob  should  be  small  in  proportion  to  the  size  of  the  ear.  While 
it  is  true  that  "a  large  cob  will  hold  more  than  a  small  one,"  it  is  not 
true  that  70  pounds  of  ears  with  large  cobs  will  have  as  much  grain  as 
an  equal  weight  of  ears  having  smaller  cobs.  When  the  cob  is  small, 
as  in  the  Mosby,  70  pounds,  or  a  bushel  of  cars,  will  give  from  62  to  G3 
pounds  of  grain,  while  if  the  cob  is  large,  as  in  the  Parrish  and  Con- 
science, the  same  weight  of  ears  will  give  only  from  53  to  55  pounds  of 
grain,  a  difference  of  nearly  20  per  oent  in  favor  of  the  smaller  cob.  K 
an  acre  will  produce  only  a  certain  number  of  ears,  the  larger  the  ears 
the  larger  will  be  the  yield  of  grain,  but  it  is  found  by  experience  that 
with  a  variety  producing  ears  of  medium  size  an  increase  in  the  size  of 
tiie  ears  is  accompanied  by  a  decrease  in  their  number,  and  that  th« 
greatest  amount  of  grain  is  secured  from  varieties  which  produce  from 
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175  to  200  ears  on  each  100  stalks.  It  is  better  to  maintain  that  num- 
ber of  ears  and  to  increase  their  size  if  possible  than  to  increase  the 
size  at  the  expense  of  numbers.  Large  cobs  are  usually  soft  and  are 
often  actually  open  at  the  butt,  giving  free  entrance  to  rain,  so  that 
injury  from  becoming  water  soaked  and  molded  is  much  more  coumiou 
tban  with  smaller  cobs. 

The  position  which  the  ear  assumes  in  ripening  is  a  matter  of  con- 
siderable importance  in  the  selection  of  a  variety.  If  the  ripened  ear 
remains  erect,  rain  will  find  its  way  between  the  loosened  husks  at  tbe 
top  and  will  often  be  held  by  the  closer  husks  at  the  butt.  Under  such 
circumstances  a  few  warm  days  will  cause  the  grain  at  the  butt  to 
sprout  or  rot.  If  the  ear  bends  over  in  rii)ening  so  that  the  top  hangs 
downward,  there  can  be  little  injury  from  even  long-continued  rains. 

Throughout  the  South  the  dent  varieties  give  larger  results  than  the 
flint  varieties,  while  the  so-called  "starch  corns,"  like  the  Hickory 
King,  have  been  too  soft  and  too  subject  to  insect  injuries  to  be  satis- 
factory. 

Named  varieties  of  corn  are  so  numerous,  so  local,  and  so  changeable 
that  it  is  useless  to  attempt  to  describe  all  or  even  to  name  any  which 
are  superior  to  others.  The  best  variety  for  any  locality  is  the  one  to 
which  the  most  intelligent  care  has  been  given  in  the  selection  of  seed 
during  the  last  few  generations.  Seed  from  almost  any  variety  which 
has  been  selected  with  care,  as  described  on  page  22,  during  four  or  five 
years  will  give  better  results  than  seed  which  has  been  taken  at  random 
from  a  crib  of  any  variety.  When  grown  for  ordinary  purposes  the 
variety  should  have  the  following  characteristics: 

(1)  It  should  be  a  dent  rather  than  a  flint  variety. 

(2)  It  should  have  a  growing  period  of  from  150  to  170  days. 

(3)  The  stalks  should  have  well-developed  roots  and  should  average 
nearly  two  ears  each. 

(4)  The  ears  should  be  of  good  size,  of  uniform  diameter  throughout, 
well  tilled  at  both  ends,  and  should  point  downward  when  ripe. 

(5)  The  cobs  should  be  small  in  proportion  to  the  size  of  the  ear. 

(6)  The  individual  grains  should  be  long  and  so  broad  at  the  upper 
end  as  to  leave  only  a  slight  depression  between  the  rows. 

(7)  The  variety  should  be  of  local  origin. 

PIANTING. 

Whether  corn  should  be  planted  flat  or  on  raised  beds  will  dei)end  on 
whether  the  land  has  good  natural  drainage  or  is  liable  to  sufter  from 
overflows.  With  good  drainage  flat  x)lantiug  is  mueh  the  better,  because 
preparation  is  less  expensive  and  because  it  exposes  less  surface  for  the 
evjiporation  of  soil  moisture,  and  thus  makes  the  crop  less  liable  to 
suffer  from  drought.  It  is  not  unusual  to  see  corn  i>lanted  in  4-foot 
beds  which  are  raised  from  9  to  12  inches  above  the  adjoining  water 
furrow.  If  the  top  of  the  bed  is  only  9  inches  above  the  water  furrow 
the  amount  of  surface  between  the  rows  is  increased  4  inches,  exposing 
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Si  per  cent  more  sorface  for  evaporatioD,  wliicli  will  often  make  tlie 
difference  between  success  and  failure  when  drought  comes  at  a  critical 
time  in  the  growth  of  the  crop.  On  hill  lands  when  the  corn  is  planted 
in  drills  each  drill  will  form  a  slight  ridge  sufficient  to  prevent  wasbiug 
in  ordinary  rains,  and  all  ridging  beyond  tbat  should  be  avoided  on 
such  lauds. 

On  poorly  drained  bottom  lauds,  which  are  liable  to  suffer  from  over- 
flows, bedding  is  often  advantageous  in  hastening  the  drainage,  and 
thus  enabling  the  soil  to  become  dry  and  warm  enough  for  planting  a 
few  days  earlier  in  the  spring.  Where  any  bedding  must  be  done,  it  is 
better  to  make  the  beds  8  feet  wide,  or  wide  enough  for  two  rows,  with 
water  furrows  in  the  alternate  spaces.  In  that  way  each  row  has  a 
water  furrow  on  one  side,  which  is  ample  for  carrying  off  surplus  rain- 
fall; the  beds  can  be  made  higher  with  the  same  slope,  though  exposing 
less  surface  than  the  4-foot  beds,  and  the  drainage  is  more  thorough. 

The  rolling  lands  of  the  South  so  often  suffer  from  washing  that  it  is 
usually  necessary  to  preserve  them  as  much  as  possible  by  planting  in 
drills  rather  than  in  checks.  The  rows  should  run  at  right  angles  to 
the  slope  of  the  hill,  so  as  to  keep  them  as  nearly  level  as  possible,  and 
although  this  makes  the  rows  irregular  in  length  and  in  distance  apart, 
it  is  the  only  safe  plan  to  follow  on  lands  which  wash.  In  most  cases 
"circling"  the  rows  around  a  hill  is  fully  as  effective  as  is  the  ordinary 
form  of  terracing,  as  each  row  forms  a  miniature  terrace  4  feet  wide 
and  no  space  is  lost. 

On  fairly  level  lands,  and  on  all  lauds  which  do  not  wash,  the  crop 
can  be  cultivated  at  slightly  less  expense  when  planted  in  checks, 
though  it  is  commonly  believed  that  the  yield  is  slightly  less.  It  is 
much  easier  to  place  the  fertilizer  evenly  under  drills  than  under  hills, 
though  when  in  drills  all  of  the  cultivation  between  the  plants  in  the 
drill  must  bo  given  with  the  hoe.  The  least  expensive  method  of  cul- 
tivating an  acre  of  corn  is  to  idant  it  in  checks,  and  so  avoid  the  us:e 
of  the  hoe;  but  the  heavier  yield  can  be  made  in  drills,  which  distribute 
the  plants  more  evenly  over  the  ground,  and  planting  in  drills  is  the 
better  plan  when  labor  is  not  too  expensive. 

Drills  are  commonly  placed  4  feet  apart,  as  that  gives  a  convenient 
width  for  cultivating;  but  the  distances  between  the  plants  in  the 
drills  which  are  preferred  by  different  planters  vary  greatly.  Of  course, 
the  nearer  the  rows  are  placed  to  each  other  and  the  closer  the  plants 
in  the  drill,  the  greater  the  number  of  plants  on  an  acre;  but  too  many 
plants  crowd  each  other,  so  that  none  can  produce  good  ears.  Tho 
richer  the  soil,  the  closer  can  planting  be  done  with  safety. 

The  amount  of  seed  needed  per  acre  is  the  same,  whether  tlie  plant- 
ing be  done  in  hills  or  in  drills,  8  quarts  being  the  usual  amount  used. 

The  best  depth  for  planting  varies  with  the  temperature  and  the 
moisture  of  the  soil.  The  seed  should  be  placed  so  deep  that  it  will  not 
Buffer  from  dry  weather  immediately  after  planting,  but  not  deep 
enough  to  be  placed  where  the  soil  is  cold  and  wet.    When  the  seed  is 
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dropped  on  the  surface  of  the  ground  and  covered  by  a  lioe  in  favorable 
weather  it  will  germinate  quicker  than  when  buried  2  or  3  inches  below 
the  surface,  as  is  done  by  a  planter,  and  is  less  liable  to  decay  if  the 
planting  is  followed  by  several  days  of  cold  and  wet  weather.  If, 
however,  the  soil  is  very  dry  at  the  time  of  planting  and  dry  weather 
continues  for  some  time,  the  shallow-surface  planting  will  fail  to  give 
as  even  a  stand  as  the  work  done  by  a  planter.  Early  plantings  should 
not  be  covered  more  than  1  inch  deep,  while  very  late  i)lanting3 
should  be  covered  with  2  or  3  inches  of  soil.  Many  believe  that  corn 
which  is  planted  shallow  will  make  more  suckers  than  that  which  is 
pL'inted  deeper,  but  the  number  of  suckers  depends  more  on  the  variety 
than  on  depth  of  planting. 

The  use  of  a  horse  planter  is  less  expensive  than  hand  planting;  the 
distribution  of  seed  will  be  more  even,  and  the  planter  should  be  used 
whenever  the  ground  is  in  proper  condition.  There  are  a  number  of 
both  one-horse  and  two-horse  planters,  all  of  which  do  satisfactory 
work.  Whatever  style  is  adopted  the  planter  should  bo  one*  which 
can  be  easily  adjusted  to  distance  and  depth  and  to  size  of  grain;  it 
should  permit  the  operator  to  see  the  seed  as  it  drops  from  the  feed 
box  to  the  delivery  pipe,  and  it  should  be  provided  with  a  roller  to 
insure  the  covering  of- the  seed  and  the  compacting  of  the  soil  above 
the  seed.  A  two-horse  planter  for  cither  hills  or  drills  is  usually  pre- 
ferred for  large  and  level  fields,  but  for  small  and  irregular  fields  and  in 
fields  where  the  rows  are  to  be  circled  about  the  hills  a  one-horse 
l)lanter  is  more  convenient. 

Whatever  method  of  planting  may  be  adoi^ted,  the  work  should  not 
begin  too  early  in  the  season.  Nothing  is  gained  by  i)utting  seed  into 
soil  which  is  too  cold  or  too  wet  to  favor  germination.  It  is  better  to 
defer  the  planting  a  week  or  ten  days  than  to  run  the  risk  of  losing  it 
by  decay  or  of  having  an  imperfect  stand  by  planting  before  the  ground 
is  sufficiently  dry  to  work  well  and  warm  enough  for  immediate  growth. 
Every  missing  x)lant  means  a  decrease  in  the  yield,  and  replanting  the 
missing  hills  is  seldom  profitable.  The  replants  are  surrounded  by 
plants  which  mature  and  shed  their  pollen  before  the  younger  silks  are 
formed.  The  pollination  is  therefore  very  imperfect,  and  the  ears  on 
the  replants  are  usually  nubbins,  which  are  scarcely  worth  gathering. 
When  the  missing  plants  amount  to  from  10  to  20  per  cent  of  the  whole, 
replanting  with  some  earlier  maturing  variety  which  will  produce  its 
tassels  and  silks  at  about  the  same  time  as  the  original  planting  is 
often  profitable,  but  will  not  pay  when  the  misses  are  less  than  10  per 
cent.  When  the  misses  are  more  than  20  per  cent  it  will  pay  better  to 
make  an  entire  new  planting. 

CULTIVATION. 

The  nearer  level  and  smooth  the  surface  of  the  ground  can  be  kept 
the  better.  Thorough  cultivation  is  needed,  but  that  does  not  mean 
deep  cultivation.    While  corn  does  best  on  a  soil  which  is  deep  and  loose, 
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the  deepening  and  loosening  of  the  lower  soil  should  be  done  Oefore  the 
corn  is  planted,  and  the  shallower  the  later  cultivations  can  be  kept 
the  more  satisfactory  will  be  the  results.  Corn  has  no  large  taproot 
like  that  of  cotton,  but  is  a  surface  feeder,  having  a  large  number  of 
long  roots  distributed  through  the  upper  soil,  and  whenever  the  soil  is 
cultivated  so  deep  as  to  disturb  any  of  the  roots  the  plant  is  necessarily 
weakened  by  having  its  supply  of  moisture  and  nourishment  decreased. 
A  constant  supply  of  food  is  as  necessary  to  a  growing  plant  as  to  a 
growing  animal,  and  the  cutting  off  of  so  many  of  the  corn  roots  as  is 
done  by  cultivating  4  or  5  inches  deep  gives  the  plants  a  check  from 
which  they  never  fully  recover.  Cultivate  the  ground  deeply  before 
planting  and  as  shallow  as  possible  afterwards. 

Cultivation  should  begin  immediately  after  the  first  rain  that  follows 
the  planting.  There  is  no  better  implement  for  this  work  than  a  light 
smoothing  harrow  with  slender  teeth  pointing  backward.  One  drawn 
by  two  mules  can  go  over  10  acres  in  a  day  very  easily,  and  there  is  no 
other  way  by  which  a  thin  crust  can  be  broken  so  readily  and  so  many 
germinating  weed  seeds  killed.  When  the  soil  is  very  fine  and  mellow 
and  the  crust  is  not  too  hard,  good  and  rapid  work  can  bo  done  with  a 
horse  weeder,  an  imx)lement  with  long  teeth  similar  to  those  of  a  hay- 
rake,  but  much  closer  together.  Only  one  mule  is  needed  to  draw  the 
weeder,  and  it  is  a  very  satisfactory  implement  where  the  soil  is  in  good 
condition  for  its  use,  though  too  light  to  break  a  heavy  crust  or  to  kill 
weeds  when  more  than  an  inch  in  height.  Where  the  ground  is  rough 
or  h{\s  many  hard  clods  the  harrow  is  much  better  than  the  weeder. 
Cultivation  should  follow  each  rain  to  prevent  the  formation  of  a  crust 
and  to  kill  weeds  as  soon  as  they  germinate,  and  the  harrow  or  weeder 
is  the  best  implement  to  use  until  the  corn  is  at  least  C  inches  high.  It 
is  true  that  the  later  harrowings  will  leave  the  corn  looking  somewhat 
torn  and  ragged,  but  it  will  recover  very  quickly  and  no  permanent 
injury  will  result 

Tlie  corn  should  be  hoed  and  thinned  to  the  proper  number  of  stalks 
when  it  is  from  4  to  6  inches  high,  as  it  will  then  be  past  danger  from 
biul  worms,  cutworms,  and  other  insects  which  often  attack  the  young 
plants  soon  after  they  appear,  bnt  which  seldom  do  any  injury  later  in 
the  season.  At  the  same  time  siny  weeds  which  may  be  growing  in  the 
rows  between  the  stalks  should  be  cut  out,  and  if  this  hoeing  is  care- 
fully done  the  croi)  will  need  no  other  hand  work.  After  the  coru 
becomes  too  large  for  using  a  harrow,  the  best  work  can  be  done  with  a 
light  side  harrow  or  with  a  cultivator  having  from  five  to  seven  teeth 
and  running  not  more  than  2  inches  deep.  The  old  i)ractico  of  "bleed- 
ing" corn  by  a  very  deep  cultivation  toward  the  end  of  the  cultivating 
season  is  never  beneficial  and  is  usually  quite  injurious,  and  especially 
so  if  the  bleeding  is  done  at  the  beginning  of  a  drought. 

While  it  may  sometimes  be  advsintageons  to  "ridge  up"  corn  by 
throwing  soil  toward  the  rows  at  the  time  of  the  last  cultivation,  if 
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this  can  be  done  only  at  the  expense  of  cutting  or  uncovering  the  roots 
between  the  rows  it  should  always  be  avoided*  The  principal  advan- 
tage claimed  for  the  ridging  is  that  it  assists  the  brace  roots  of  the  com 
to  take  a  better  hold  upon  the  soil  and  thus  prevent  the  stalks  from 
being  blown  down  so  easily  by  heavy  storms.  While  this  claim  has 
some  good  foundation,  still  the  excess  of  stalks  blown  down  where  they 
are  not  ridged  will  not  repay  the  injury  to  the  whole  crop  which  is  sure 
to  result  from  a  wholesale  cutting  of  roots  just  at  the  time  when  they 
are  most  needed  to  develop  the  newly  formed  ears.  It  is  a  commonly 
accepted  fact  that  "root  pruning  promotes  seed  production,"  but  in  this 
ease  the  root  pruning  is  done  loo  late.  The  seeds  have  already  been 
formed,  and  what  the  plant  needs  at  this  time  is  an  uninterrupted  sup- 
ply of  nourishment  to  enable  them  to  develop  to  their  fullest  size.  If 
root  pruning  is  ever  beneficial  it  is  before  the  seed  are  formed,  and 
when  done  later  its  only  effect  is  to  dwarf  both  plant  and  seed. 

Several  of  the  experiment  stations  have  tested  the  relative  advan- 
tages of  the  deep  and  shallow  cultivation  of  corn  very  carefully,  and 
the  results  of  many  such  tests  have  already  been  reported.  The 
records  of  116  such  tests  made  at  13  different  stations  show  that  61 
tests  of  deep  cultivation  gave  an  average  yield  of  64.0  bushels  per 
acre,  while  55  tests  of  shallow  cultivation  gave  an  average  yield  of  74.7 
bushels  per  acre,  a  difference  of  more  than  15  per  cent  in  favor  of 
shallow  cultivation.  In  only  5  cases  out  of  the  entire  number  re^wrted 
did  the  deep  culture  give  the  better  results. 

On  large  and  fairly  level  fields  some  form  of  two-horse  riding  culti- 
vator is  often  used,  the  disk  cultivator  being  more  popular  than  any 
other.  With  these  implements  it  is  not  difficult  to  cultivate  as  much 
as  8  acres  in  a  day,  and  such  rapid  work  makes  cultivation  very  inex- 
pensive. By  planting  in  checks,  so  that  cultivation  can  be  given  in 
both  directions,  and  by  the  use  of  the  harrow  for  the  earlier  cultivation 
and  a  two  horse  cultivator  for  the  later  work,  the  total  expense  for 
labor  in  preparing  the  land,  planting,  and  cultivating,  does  not  exceed 
$1.50  to  $1.75  i>er  acre.  This  plan  is  now  being  followed  on  many  large 
plantations,  but  many  who  have  tested  the  matter  quite  thoroughly 
have  come  to  the  conclusion  that  more  thorough  though  more  expen- 
sive cultivation  is  more  profitable  in  the  end. 

Whatever  system  may  be  adopted  the  cultivation  should  be  suffi- 
ciently frequent  to  keep  down  all  weeds  and  to  break  the  surface  crust 
after  every  rain.  In  time  of  drought  the  cultivation  should  be  as  fre- 
quent as  possible.  Deep  cultivation  at  such  times  is  often  ruinous,  but 
when  only  1  or  2  inches  of  the  surface  soil  is  stirred  evaporation  is 
checked,  and  although  the  surface  may  become  very  dry  and  dusty  the 
soil  immediately  below  this  '^dust  mulch''  will  remain  fresh  and  moist 
much  longer  than  when  the  surface  is  allowed  to  become  compact,  even 
though  not  crusted  by  rains.  At  the  usual  prices  for  corn  and  for  labor 
in  the  South  1  bushel  of  corn  will  pay  for  a  single  cultivation  of  2  acres 
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of  land.  Mucli  of  the  corn  grown  in  tliis  section  is  cnltivatod  only 
three  times,  though  it  is  the  uniform  experience -that  more  frequent  cul- 
tivations result  in  a  greatly  increased  yield.  An  increase  of  only  2 
bushels  per  acre  is  ample  pay  for  the  three  additional  cultivations,  and 
it  is  rare  that  the  additional  labor  does  not  give  a  good  profit.  Corn 
often  suffers  seriously  from  the  want  of  cultivation,  but  never  from  too 
frequent,  shallow  stirring  of  the  soil.  * 

HAEVESTina  AND  STOEUTG  THE  CEOP. 

The  more  common  method  of  harvesting  the  crop  is  to  "pull"  the 
cars,  with  a  good  portion  of  the  husks  attached,  leaving  all  the  fodder 
in  the  field.  After  the  crop  has  been  gathered  hogs  and  cattle  are 
turned  into  the  fields  and  so  a  portion  of  the  fodder  is  utilized.  This 
seems  like  a  wasteful  method,  but  in  a  region  where  the  cornstalks  are 
usually  large  and  coarse  and  where  hay  can  be  made  and  saved  with 
so  little  expense  it  is  often  the  most  economical  and  profitable  plan. 
Whether  to  cut  the  stalks  and  save  them  for  coarse  feed  or  to  give 
cattle  the  range  of  the  field  and  use  the  labor  in  making  other  hay 
depends  on  the  amounts  of  feed  which  can  be  secured  by  equal  amounts 
of  labor.  When  the  entire  stalk  is  saved  the  yield  of  dry  forage  per 
acre  is  from  1^  to  2  tons,  and  of  that  amount  approximately  one  fourth, 
and  that  the  part  which  is  the  most  palatable  and  has  the  greatest 
feeding  value,  may  be  saved  by  tuniing  stock  into  the  field.  Taking 
into  account  the  amount  which  will  be  gathered  by  cattle  without 
expense  and  the  various  losses  in  handling  and  feeding  the  stalks  the 
total  additional  amount  of  feed  saved  by  cutting  is  rarely  more  than  1 
ton  per  acre.  To  secure  this  additional  ton  the  entire  crop  must  be 
cut,  and  in  order  to  make  more  than  half  the  weight  of  fodder  available 
for  food  all  must  be  run  through  a  shredder,  thoroughly  dried,  and 
stored  in  a  dry  place.  The  palatability  of  the  shredded  fodde*  varies 
greatly.  If  the  cutting  is  done  early,  while  the  upper  leaves  are  still 
green  and  the  stalk  is  not  yet  dry,  the  yield  of  fodder  will  be  much 
heavier  and  of  much  better  quality  than  when  the  cutting  is  done  later, 
but  the  early  cutting  will  cause  a  loss  in  the  grain  yield  and  the  fodder 
will  bo  more  difficult  to  cure.  As  already  remarked,  the  only  object  in 
saving  the  fodder  is  to  secure  a  given  amount  of  forage  for  feeding 
stock.  On  many  plantations  an  equal  amount  of  forage  of  better 
quality  can  be  secured  if  the  labor  necessary  for  saving  the  corn  fodder 
is  used  in  making  and  saving  hay,  and  the  farmer  who  adopts  either  of 
the  rotations  suggested  on  a  previous  page  will  rarely  find  it  profitable 
to  cut,  shred,  and  house  his  cornstalks. 

The  results  of  two  years'  work  at  the  Alabama  College  Station*  gives 
the  stalks  a  value  of  $2.95  per  acre  over  the  amount  received  when  only 
the  ears  were  harvested,  and  whether  that  amount,  less  the  value  of 
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the  standing  stalks,  is  sufficient  to  eover  the  cost  of  catting:  and  han- 
dling the  fodder  is  a  jquestion  which  each  planter  must  decide  for 
himself. 

When  the  corn  crop  is  to  be  followed  by  a  September  or  October 
sowing  of  clover  or  any  other  crop  for  mowing  it  will  pay  to  cut  the 
stalks  to  get  them  out  of  the  way,  and  when  the  labor  of  cutting  is 
necessary  for  the  success  of  the  succeeding  crop  it  will  usually  pay  well 
to  save  the  stalks  for  fodder,  as  the  additional  expense  will  be  slight. 

"Topping"  corn,  i.  e.,  cutting  off  the  stalk  just  above  the  ear  after 
the  grain  begins  to  harden,  gives  a  much  better  fodder  than  is  obtained 
by  harvesting  the  whole  stjilk,  but  tbe  labor  involved  is  considerable, 
the  yield  of  fodder  light*,  and  the  injury  to  the  grain  yield  is  usually 
greater  than  the  value  of  the  fodder  secnrcd.  At  the  Mississippi  Sta- 
tion* the  removal  of  the  tops  during  three  seasons  caused  an  average 
decrease  of  20  per  cent  in  the  grain  yield.  This  large  decrease  in  grain 
was  doubtless  due  partially  to  cutting  the  tops  too  early,  but  at  other 
stations  where  similar  tests  have  been  made  the  average  decrease  in 
yield  has  been  16  per  cent,  and  the  value  of  the  fodder  secured  has 
rarely  equaled  that  of  the  grain  lost. 

Stripping  the  leaves  from  the  stalks  (a  very  common  practice  in  all 
parts  of  the  South)  is  also  of  doubtful  economy,  especially  when  the 
work  is  done  by  hired  labor.  More  or  less  ears  are  sure  to  be  broken 
off  and  lost.  If  the  stripping  is  done  efvrly  the  yield  of  grain  is  decreased, 
and  if  done  late  the  fodder  secured  is  of  but  little  value.  It  is  often 
the  case  that  Laborers  are  glad  to  pull  the  fodder  on  shares,  taking  one 
half  and  giving  the  owner  the  other  half.  If  the  crop  is  well  matured 
before  the  pulling  is  done  this  will  be  profitable  to  the  owner,  but  the 
fodder  will  rarely  jKiy  for  the  labor  when  it  must  be  pulled  by  hired 
labor. 

If  the  securing  of  a  certain  amount  of  forage  is  the  only  object  it  will 
seldom  be  profitable  for  the  Southern  planter  to  hire  labor  to  gather 
either  the  whole  stalks,  the  tops,  or  even  the  leaves  from  his  cornfields 
when  he  has  land  on  which  he  can  grow  hay  and  stock  to  graze  the 
cornfield  after  the  crop  has  been  gathered.  If  he  has  labor  which 
would  otherwise  be  idle,  or  if  it  is  desirable  to  clear  the  ground  for  the 
immediate  sowing  of  some  other  crop,  the  fodder  is  well  worth  saving, 
even  though  it  makes  forage  of  an  inferior  quality. 

When  corn  is  to  be  used  during  the  winter  for  feeding  fifteen  or  more 
milch  cows  it  is  economical  to  use  a  part  of  the  crop  in  filling  a  silo.  A 
silo  of  sufficient  size  to  hold  25  tons,  or  feed  for  20  cows  KiO  days,  can 
be  built  for  about  $100,  while  one  of  larger  size  can  bo  built  for  much 
less  expense  in  proportion  to  its  capacity.  The  average  cost  of  growing 
the  corn  and  filling  the  silo  is  about  $1  per  ton.  The  crop  of  stalks 
from  an  acre  will  require  about  the  same  amount  of  storage  room, 
whether  it  is  placed  in  a  silo  or  is  preserved  as  shredded  fodder,-though 
the  building  for  the  silo  must 'be  much  more  substantial  than  that 
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needed  for  sbelteriog  the  fodder.  The  silage  will  give  ronch  better 
satisfaction  than  fodder  for  feeding  milch  cows,  but  the  fodder  ia  con- 
sidered preferable  for  horses  or  mules.  The  same  power  and  the  siime 
machine  which  are  used  in  shredding  the  stalks  may  be  used  in  pre- 
paring the  silage. 

The  common  practice  of  gathering  and  storing  corn  with  the  husks 
still  inclosing  the  ears  is  advocated  by  many  from  a  belief  that  the 
husks  serve  to  protect  the  grain  from  the  attacks  of  insects  which  are 
often  very  destructive  to  stored  grain.  The  two  insects  which  are  most 
destructive  to  stored  corn  are  the  Angouraois  grain  moth  (Gelechia 
cerealella)  and  the  black  weevil  {Calandra  oryzw)^  and  as  the  corn  is 
often  infested  by  one  or  both  of  these  insects  while  still  in  the  field 
there  is  little  to  support  the  idea  that  the  husks  serve  as  a  protection. 
Insects  which  find  their  way  so  quickly  to  the  bottom  of  a  bin  filled 
with  oats  or  through  the  meshes  of  a  closely  woven  cloth  bag  will  not 
be  hindered  from  finding  corn  which  is  only  partially  inclosed  by 
husks.  The  husks  add  materially  to  the  bulk  of  the  stored  corn,  they 
afford  no  protection  from  insects,  and  provide  the  best  of  nesting 
material  for  rats  and  mice.  The  corn  must  be  husked  before  it  can 
be  shipped,  and  most  of  it  before  it  can  be  used.  Husking  can  be  done 
more  rapidly  and  with  less  expense  as  the  corn  is  being  gathered  than 
at  any  other  time,  and  under  ordinary  circumstances  that  is  the  best 
time  for  doing  the  work. 

K  corn  is  to  be  stored  only  a  short  time  the  ordinary  open  crib  is  all 
that  is  necessary,  but  if  it  is  to  be  kept  until  spring  beiore  using  the 
sides  and  bottom  of  the  crib  should  be  tight,  so  that  the  corn  can  bo 
treated  with  bisulphid  of  carbon  to  kill  moths  and  weevils.  If  thor- 
oughly dry  when  brought  from  the  field  it  may  be  store^d  in  such  a  bin 
with  no  danger  from  heating  or  molding,  and  if  treated  at  once  by  pour-> 
ing  bisulphid  over  the  top  of  the  corn,  using  one  pound  of  the  liquid  for 
each  100  bushels  of  grain,  it  will  be  secure  from  insect  depredations 
f<ff  several  months.  If  the  corn  is  kept  until  late  in  the  season  it 
should  be  watched  during  the  spring,  and  if  either  moths  or  weevils 
should  be  found  it  should  receive  another  treatment.  If  the  corn  is 
damp  when  gathered  it  will  not  be  safe  to  put  it  in  a  close  crib  which 
is  not  well  ventilated,  while  if  placed  in  an  open  crib  it  can  not  be 
treated  for  killing  insects. ,  If  no  insects  can  be  found  in  the  corn  when 
it  is  gathered  immediate  treatment  is  not  ueccitsary,  as  there  will  be 
but  little  danger  of  loss  in  the  grain  which  is  used  during  the  winter. 
If  already  infested,  however,  it  should  be  treated  at  once.  Many  who 
prefer  to  use  an  open  crib  for  permanent  storing  place  the  corn  first  in 
what  is  known  as  a  ^'  quarantine  bin,*'  where  it  is  treated  and  then 
removed  to  the  cribs  where  it  is  to  remain.  The  quarantine  bin  may 
be  one  which  has  been  built  for  the  purpose,  but  is  more  often  a  cou- 
venient  corner  of  the  barn  which  has  been  boarded  up  so  as  to  make 
th€(  sides  close,  and  which  is  of  suflScient  size  to  hold  100  bushels  or 
more.    The  corn  is  placed  in  this  bin  as  it  is  gathered,  and  when  it  is 
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filled  1  ponnd  of  bisnlpbid  for  eacli  100  bnshels  of  grain  is  poured 
over  it  nud  the  top  is  covered  with  a  tarpaulin  or  with  old  sacks  to  con- 
fine the  fumes  of  the  liquid.  By  the  end  of  the  third  day  all  the  insects 
will  have  been  killed  and  the  corn  may  be  removed  with  perfect  safety. 
If  the  cribs  where  the  corn  is  to  be  stored  have  previously  been  infested 
with  insects  they  should  be  treated  with  bisulphid  before  the  new  corn 
is  gathered.  The  only  special  care  necessary  in  using  the  bisulphid  is 
to  prevent  an  exi)losion  from  fire,  as  it  is  very  easily  ignited,  and  no 
lantern  or  light  of  any  kind,  or  even  a  pipe,  should  be  allowed  in  a 
building  where  it  has  been  used  so  long  as  any  of  its  odor  can  be 
detected,  which  will  rarely  be  more  than  three  days  after  its  applica- 
tion. The  bisulphid  is  not  expensive,  costing  only  10  cents  per  pound 
when  bought  in  50  pound  lots,  and  its  use  does  not  injure  the  corn  for 
feeding,  grinding,  or  for  planting. 

China  berries,  Jerusalem  oak,  salt,  and  other  things  are  often  recom- 
mended as  preventives  of  insect  attacks,  but  are  of  little  if  any  value. 

SAVING  SEED. 

Corn  is  a  i>lant  which  varies  so  quickly  and  can  bo  modified  so  easily 
by  planting  seed  from  any  desired  form  that  constant  care  in  the 
selection  of  seed  is  as  important  as  intelligent  cultivation.  The  period 
of  growth  may  vary  from  SO  to  200  days,  the  height  of  the  stalk  from 
6  to  16  feet,  and  the  number  of  ears  on  a  stalk  from  1  to  8  or  10.  Some 
stalks  produce  several  branches  or  "suckers,"  while  others  remain 
strictly  single,  and  in  some  the  cob  has  fully  three  times  the  diameter 
it  has  in  others.  The  size  and  shape  of  the  grain  shows  equal  differ- 
ences, and  color  is  almost  the  only  permanent  character  found  in  any 
of  the  hundreds  of  varieties  in  cultivation.  This  variability  is  due, 
partially,  to  a  natural  tendency  to  variation  and  still  more  to  the  fact 
that  each  ear  is  usually  fertilized  by  pollen  from  many  different  stalks 
and  so  may  give  crosses  between  tho  plant  on  which  it  was  grown  and 
a  score  or  more  of  those  which  surrounded  it.  Although  it  is  possible 
for  a  plant  to  vary  widely  from  the  one  on  which  the  seed  was  grown 
the  i)robabilities  are  strong  that  it  will  have  a  close  resemblance  to  its 
parent,  and  therefore  seed  should  be  selected  from  only  those  stalks 
which  are  nearest  to  the  form, and  habit  desired.  For  all  ordinary  pur- 
poses the  value  of  a  variety  depends  on  the  amount  of  shelled  corn 
which  it  will  produce  per  acre.  This  in  turn  depends  fully  as  much  on 
the  growth  and  productiveness  of  the  individual  stalks  as  upon  the 
size  and  shape  of  the  separate  ears,  and  for  that  reason  seed  should 
always  be  selected  in  the  field  rather  than  from  the  crib. 

Tho  best  plan  for  saving  seed  is  to  go  through  the  field  before  the 
crop  is  harvested  and  gather  the  best  ears  from  the1)est  stalks.  The 
largest  yields  of  grain  are  usually  made  from  varieties  producing  two 
ears  on  each  stalk,  and  if  such  a  variety  is  desired  then  seed  should 
be  saved  only  from  stalks  bearing  two  ears.    It  is  sometimes  claimed 
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that  the  upper  one  of  two  ears  will  prodnce  the  earlier  maturing  crop, 
bat  in  the  Soath  early  maturity  is  of  so  little  importance  that  if  a  stalk 
has  two  good  ears  both  shonld  be  taken;  if  one  ear  is  good  and  the 
other  only  fair  the  better  one  may  be  taken;  while  if  either  ear  is  very 
poor  in  size,  shape,  or  fullness  both  should  be  rejected.  If  a  variety 
bearing  only  one  ear  to  each  stalk  is  preferred  the  ears  selected  for 
seed  should  be  the  largest  which  can  be  found,  of  nearly  equal  diam- 
eter throughout,  and  well  filled  at  each  end.  It  is  as  important  to 
take  seed  from  the  best  stalks  as  from  the  best  ears,  and  whatever 
variety  may  be  preferred  every  ear  which  is  8elect<»d  for  seed  should  be 
taken  from  a  stalk  which  in  size,  habit  of  growth,  and  number  of  ears 
approaches  closely  to  what  is  the  desired  form  for  that  variety. 

If  careful  hands  are  employed  in  gathering  the  crop  a  very  good 
selection  of  seed  may  be  made  by  having  a  box  in  the  wagon  into 
which  the  most  desirable  ears  may  be  thrown  as  they  are  found. 

In  selecting  seed  from  the  crib,  as  is  often  done,  nothing  can  be 
known  of  the  character  of  the  stalks  upon  which  the  ears  were  grown, 
and  little  or  no  improvement  can  be  made  in  a  variety  by  such  a  selec- 
tion; while  a  careful  and  judicious  selection  in  the  field  will  work  a 
constant  and  gradual  improvement  in  the  crop  and  will  make  it 
more  nearly  uniform  with  each  succeeding  year,  i^o  one  item  in  the 
growing  of  corn  is  of  greater  importance  than  the  selection  of  seed. 

After  the  seed  has  been  selected  it  should  bo  thoroughly  dried, 
fa*eated  with  bisulphid  of  carbon  to  destroy  insects,  and  then  stored 
where  it  will  be  kept  dry  and  secure  from  rats  and  mice. 

It  is  a  somewhat  common  practice  to  discard  the  tips  and  butts  of 
the  ears  when  shelling  the  seed  for  planting,  but  the  practice  is  oi 
doubtful  benefit  A  number  of  the  experiment  stations  in  both  the 
Forth  and  South  have  made  repeated  tests  of  the  productiveness  of 
seed  from  different  parts  of  the  ear,  but  these  tests  have  shown  no 
marked  or  constant  differences  in  yield,  even  when  the  selections  have 
been  repeated  through  several  generations. 

SXmART. 

(1)  The  best  soil  for  corn  is  a  rich  sandy  loam  which  contains  a  good 
Bupply  of  humus.  Land  which  has  been  used  for  growing  red  clover, 
melilotus,  cowpeas,  or  other  leguminous  croi)S  is  much  better  than  that 
which  has  been  used  recently  for  hoed  crops. 

(2)  In  using  manures  and  fertilizers  it  is  better  to  use  the  coarse 
stable  manure  and  the  whole  cotton  seed  on  the  heavier  soils,  and  the 
well  rotted  manure  and  the  cotton-seed  meal  on  the  lighter  soils. 

(3)  All  well-drained  lands  should  be  plowed  flat,  and  high  beds  are 
advisable  only  on  lands  which  are  subject  to  overflows.  When  beds 
are  used  they  should  be  wide  enough  for  two  rows  each. 

(4)  The  best  variety  of  corn  for  ordinary  purposes  is  the  one  which 
will  produce  the  greatest  amount  of  shelled  grain  per  acre,  regardless 
of  the  number  or  size  of  the  ears.  ^  I 
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(r»)  Wbito  varieties  will  usually  raake  a  heavier  yield  than  colored 
varieties,  though  many  colored  varieties  are  more  vigorous  and  hardy 
than  are  some  of  the  more  prolific  white  varieties. 

(G)  I'he  best  yiekls  are  secured  from  dent  varieties,  which  require 
about  IGO  days  for  maturing  and  average  nearly  two  ears  per  stalk. 
The  ears  should  be  of  good  size,  have  small  cobs  well  filled  at  each  end, 
and  siiould  hang  downward  when  ripe, 

(7)  Nothing  is  gained  by  planting  before  the  ground  is  sufficiently 
warm  and  <lry  to  promote  immediate  growth.  Early  plantings  should 
not  be  covered  so  deep  as  late  plantings. 

(8)  Cultivation  should  be  shallow  and  frequent,  and  the  surface  of  the 
ground  should  bo  kei)t  as  nearly  level  and  smooth  as  possible. 

(!))  When  other  hay  can  bo  saved  readily  and  tbe  cornfields  can  be 
piisturcd  immediately  after  the  crop  is  gathered  it  is  not  usually  profit- 
able to  cut  the  stalks  for  fodder. 

(10)  Corn  which  is  to  be  stored  for  some  time  should  be  treated  with 
bisulphid  of  carbon  to  destroy  insects. 

(11)  Seed  should  always  be  selected  in  the  field  by  taking  the  best 
cars  from  the  best  stalks. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agrioulture, 

Division  op  Soils, 
Washington^  D.  C.j  June  18j  1S9S. 
Str:  I  have  the  honor  to  transmit  herewith  a  paper  on  Tlie  Cultiiro 
of  Tobacco,  prepared  by  Otto  Carl  Butterweck,  of  Brooksvillo,  Fla. 
This  paper  was  submitted  in  response  to  invitations  sent  out  by  the 
Secretary  of  Agriculture,  and  was  selected  from  a  lot  of  thirty  papers 
submitted  upon  the  same  subject. 

As  other  bulletins  treating  of  the  insect  enemies  and  the  diseases  of 
tobacco  and  tlie  whole  subject  of  fertilization  of  tobacco  are  in  course 
of  preparation,  a  good  deal  of  matter  i)repared  by  Mr.  Butterweck 
upon  tbese  subjects  has  been  omitted  from  the  present  bulletin. 
1  reiiommend  that  this  be  published  as  a  Farmers'  Bulletin. 
Kespectfully, 

Milton  Whitney, 
Chief  of  Division. 
Hon.  jAiviES  Wilson, 

iSecretary  of  Agriculture* 
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THE  CULTURE  OF  TOBACCO. 


SELECTINO  THE  SEED. 

In  the  prodaction  of  tobacco  the  proper  selection  of  seed  is  one  of 
the  most  important  problems.  Good  methods,  skill  and  experience  in 
cultivation^  carefnl  worming,  and  care  in  the  barn  and  after  cnring  all 
amonnt  to  little  if  there  has  been  any  carelessness  in  selecting  the 
seed. 

As  the  different  soils  of  the  various  States  produce  different  typQS 
of  tobacco,  the  prospective  grower  will  have  to  learn  from  the  experi- 
ence of  others  and  from  the  best  literature  he  can  obtain  what  variety 
of  seed  will  likely  yield  the  best  product  on  the  particular  land  to  be 
planted.  With  this  knowledge  of  what  is  wanted,  too  much  care  can 
not  be  exercised  in  obtaining  the  seed.  It  is  advisable  to  obtain  it 
from  reliable  seedsmen  or  from  an  intelligent  grower  rather  than  from 
a  country  druggist  or  grocery  store. 

Having  procured  the  best  seed  for  the  locality  and  soil,  the  grower 
should  maintain  and  improve  the  quality  by  proper  selection  of  seed 
from  his  own  crop  or  by  the  production  of  seed  plants  in  other  ways, 
as  will  be  explained  later.  The  production  of  tobacco  seed  requires 
careful  attention  because  some  varieties  deteriorate  while  others 
improve  in  a  given  district.  The  Vuelta  Abajo  variety  deteriorates  in 
the  States,  while  the  Sumatra  improves  in  flavor. 

HOW  MUCH  SEED  TO  SOW. 

Tobacco  seeds  are  extremely  small  and  an  ounce  of  them  contains 
from  300,000  to  400,000  seeds.  A  large  percentage  of  these,  however, 
will  not  sprout.  Some  of  them  are  not  fertile,  and  others  have  a  very 
hard  coating  too  resistant  to  moisture.  On  this  subject  Prof.  S.  W. 
Johnson,  in  How  Crops  Grow,  says : 

Among  the  seeds  of  various  plants— clover,  for  example— which  under  favorabld 
circanistances  mostly  germinate  within  one  or  two  weeks,  may  often  be  found  a 
number  which  remain  nnchanged,  sound  and  dry  within  for  mouths  and  years, 
though  constantly  wet  externally.  The  outer  coat  of  these  seeds  is  exceptionally 
thick,  dense,  and  resistant  to  moisture.  *  *  *  In  a  collection  of  such  seeds  kept 
in  water  individuals  sprout  from  time  to  time.  In  case  of  common  sorrel  it  was 
found  that  10  per  cent  of  the  seed  germinated  between  the  four  hundredth  and  Gve 
hondredth  day  after  patting  in  the  sprouting  apparatus. 
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After  careful  experiments  it  is  pretty  well  established  that  not  more 
than  75  per  cent  of  the  most  carefully  grown  tobacco  seed  will  germi- 
nate, while  very  much  less  than  this  will,  under  ordinary  circumstances, 
be  available  for  planting.  Allowing,  however,  for  the  imperfections  in 
the  seed,  and  for  the  too  deep  and  too  shallow  planting  and  for  loss  by 
accident,  there  ought  to  bo  at  least  35,000  seeds  or  plants  from  an  ounce 
of  fresh  tobacco  seed.  It  must  be  remembered,  however,  that  many  of 
these  plants  will  be  weak  and  some  of  them  will  be  retjirded  by  the 
more  vigorous  plants.  Tliey  will  not  therefore  be  of  a  uniform  size  and 
ready  to  transplant  at  the  same  time.  As  the  grower  usually  plants 
the  field  at  a  single  planting,  he  can  not  wait  for  the  backward  plants 
to  grow.  Experienced  planters  therefore  usually  sow  at  least  three 
times  the  amount  of  seed  that  they  expect  to  need  in  order  to  provide 
themselves  with  sufi&cient  plants  when  the  time  con>es  for  setting  tliem 
mxt  A  bed  3  by  50  feet,  producing  from  10,000  to  20,000  plants  in  the 
aggregate,  can  be  used  for  sowing  about  one-third  <tf  an  ounce  of  good 
fre^^h  seed,  but  it  is  safer  to  sow  three  such  beds  for  this  number  of 
p^nts.  By  liaving  an  abundance  of  plants  one  gets  the  additional 
advantage  of  having  a  large  percentage  of  forward,  thrifty  plants. 

The  Cuban-grown  seed  is  generally  light  and  chaffy.  In  saving  seed 
for  sale  the  Cubans  frequently  allow  not  only  the  single  spike  to  go  to 
seed,  but  the  suckers.  They  are  careless  also  in  mixing  small  and  light 
pods  containing  many  undeveloped  seed  as  well  as  those  which  have 
been  injured  by  insects.  They  do  not  winnow  the  du«t  and  hulls  from 
the  seed  as  well  as  it  is  done  in  this  country.  It  is  therefore  necessary 
in  planting  imported  Cuban  seed  to  sow  three  times  as  much  as  of 
domestic  seed. 

Before  sowing  the  tobacco  seed  it  is  well  to  test  the  germinating 
power.  Sometimes  the  seeds  are  put  on  a  hot  stove,  when  the  sterile 
seeds  will  quietly  char  and  the  vital  seeds  will  pop.  This  test  can  not 
be  relieil  ui)on,  but  a  real  germinating  test  should  be  made.  To  do  this, 
take  100  seeds  carefully  counted  out,  place  them  between  two  wet  blot- 
ters, put  these  between  two  china  plates  so  they  will  remain  moist,  and 
keep  in  a  warm  place  at  a  temperature  of  from  70°  to  80^.  The  blot- 
ting papers  must  be  kept  moist,  but  not  wet.  After  ten  days,  separate 
the  blotting  papers  and  count  the  number  of  seeds  that  have  sprouted. 
This  will  give  the  percentage  of  good  seed,  and  will  bo  a  valuable  guide 
as  to  the  quantity  of  seed  to  sow. 

THE  SEED  BED  AKD  HOW  PREPARED  IB   THE  DIFFERENT 
TOBACCO  DISTRICTS. 

In  selecting  a  site  for  a  seed  bed  there  are  several  things  that  need 
to  be  considered,  viz,  location,  exposure,  protection  from  frosts,  insects, 
and  parasitic  diseases. 

A  southern  exposure  is  always  best,  a  southeastern  exposure  next, 
then  a  southwestern,  then  a  western,  and  lastly  a  northern  or  north* 
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eastern.  Where  possible  it  is  advisable  to  locate  the  seed  bed  near  a 
pond,  lake,  running  brook,  or  river  because  of  the  moisture  and  greater 
uniformity  of  temperature  in  such  a  location.  At  the  same  time  there 
IB  often  some  danger  of  frosts  in  such  a  locality,  and  in  the  Northern 
States  it  is  necessary  for  this  reason  to  make  the  beds  on  the  high, 
warm  laud  and  supply  the  moisture  artificially  by  means  of  watering 
pots. 

It  is  best,  where  possible,  to  make  the  bed  upon  new  land.  There  is 
less  danger  from  larvse,  insects,  and  weed  and  grass  seed.  As  damp 
locations  are  more  subject  to  parasitic  and  fungous  diseases,  many 
growers  prefer  to  make  their  beds  for  this  reason  on  high,  dry,  warm 
soil  near  the  house  and  keep  it  damp  by  frequent  sprinkling.  In  the 
Southern  States,  as  in  Cuba,  an  open  space  in  the  woods  where  the 
midday  sun  shines  has  always  been  a  favorite  location  for  a  seed  bed 
because  of  the  protection  the  trees  afford  from  the  cold  winds  and  the 
excessive  drying  out  of  the  plants  and  soil.  The  conditions  are  more 
uniform  and  there  is  less  danger  from  frosts  and  insect  ravages.  In 
the  Northern  States  the  seed  bed  is  usually  made  near  the  dwelling  in 
the  form  of  a  cold  frame  with  muslin  over  it  as  a  protection  from 
insects  and  excessive  evaporation. 

With  the  exception  of  the  periquo  tobacco  district  in  Louisiana, 
seed  beds  are  burned  by  the  most  experienced  growers  in  all  localities. 
In  the  Northern  States  where  the  ground  uniformly  freezes  to  any  con- 
siderable depth,  the  burning  may  be  done  late  in  the  fall  or  in  some 
mild  spell  in  midwinter.  In  the  South  the  land  is  burned  over  just 
before  the  seeds  are  sown.  It  is  necessary  to  do  this  unless  the  ground 
has  been  kept  thoroughly  clean  for  several  years,  or  unless  it  has  been 
mulched  the  preceding  year,  as  the  ground  will  be  so  foul  with  weeds 
and  grass  that  the  young  tobacco  plants  stand  little  show  of  surviving 
in  the  struggle  for  existence  when  vegetation  begins.  This  burning  is 
also  a  protection  from  grubs  and  insects.  The  object  of  burning  is  to 
make  the  ground  hot  enough  to  actually  destroy  the  seeds  of  grnss 
and  weeds  and  to  destroy  the  larvae  and  young  noxious  insects  which 
may  damage  the  young  plants. 

BURNING  THE  BED. 

Minute  directions  are  often  given  about  burning  a  seed  bed,  as 
though  it  were  a  difficult  thing  to  do.  Anyone,  however,  can  readily 
burn  a  seed  bed.  Where  any  clearing  has  been  done  the  site  of  a 
burned  log  heap  is  as  good  a  place  for  a  bed  as  can  be  selected. 

The  material  at  hand  must  determine  the  way  in  which  the  bed  should 
be  burned.  If  the  material  recently  cleared  from  the  land  is  brush, 
spread  it  in  a  thin  layer  over  the  ground  and  burn  it,  adding  more  from 
time  to  time  so  as  to  keep  the  heat  near  the  ground.  It  is  not  econom- 
ical to  have  a  high  pile,  as  much  of  the  heat  will  not  then  be  effective 
on  the  soil.    If  the  material  at  hand  consists  of  rails  and  logs  lay  down 
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a  few  rails  or  poles  several  feet  apart  to  keep  the  burning  wood  off  tlie 
ground  and  to  admit  air.  Lay  the  wood  on  these  jwles  from  ojie  to 
several  inches  apart  according  to  circumstances.  Start  the  fire  on  the 
leeward  side  so  that  it  will  burn  slowly.  A  steady  slow  fire  will  make 
a  better  burn  than  a  flashy  quick  one.  The  moisture  in  the  soil  to  a 
depth  of  several  inches  must  be  converted  into  steam.  This  steam  in 
forming  uses  up  a  quantity  of  heat.  The  fire  must  be  continued  long 
enough  to  steam  the  ground  thoroughly  to  a  depth  of  several  inches. 
The  upper  layer  of  the  soil  to  a  depth  of  one-tenth  of  an  inch  or  so 
will  have  the  appearance  of  a  burned  brick  when  the  operation  has 
gone  far  enough. 

PREPARATION  OF  THE  SOIL. 

After  the  bed  has  been  burned  and  has  had  time  to  cool  it  should  be 
broken  with  a  hoe  or  other  suitable  implement  to  a  depth  of  about  2 
Inches  and  the  surface  thoroughly  pulverized.  The  roots  and  trash 
must  be  carefully  raked  off  with  a  garden  rake  and  the  surface  left  in 
a  level,  loose,  porous  condition.  A  pound  of  some  good  commerciiil 
fertilizer  or  guano  should  be  applied  to  each  3  square  yards  and  thor- 
oughly raked  in. 

The  surface  of  the  bed  must  be  thoroughly  pulverized  and  loose,  so 
as  to  permit  the  delicate  plants  to  grow  readily,  which  they  will  not  do 
in  a  lumpy  soil.  It  also  affords  a  good  medium  for  the  rootlets  of  the 
young  tobacco  plants.  The  bed,  however,  should  not  be  worked  deeply, 
as  this  would  tend  to  prevent  the  moisture  from  rising  from  below  and 
might  bring  to  the  surface  seeds  of  grass  and  weeds  which  had  been 
buried  deeply  and  escaped  the  heat.  If  there  is  danger  of  washing  by 
heavy  rains  it  is  necessary  to  protect  the  bed  by  shallow  ditches  on  the 
sides  subject  to  the  flow  of  water,  both  to  prevent  the  sides  from  being 
washed  away  or  from  being  covered  up  by  a  deposit  of  sand  and  clay. 

In  the  perique  tobacco  district  of  Louisiana,  according  to  Mr. 
Killibrew,  the  making  of  seed  beds  is  unlike  the  same  work  in  other 
States.  It  begins  in  October,  when  cow  manure  is  applied  to  a  depth 
of  6  inches  to  a  chosen  spot  in  the  forest  and  turned  under  with  a 
spade.  In  December  the  bed  is  worked  but  not  burned,  and  ditches 
are  cut  through  to  secure  drainage.  The  soil  is  mostly  humus  and  the 
beds  can  not,  therefore,  be  burned. 

In  ordinary  seasons  the  seed  will  be  up  in  two  weeks  after  planting. 
After  the  first  leaves  appear  the  plants  seem  to  grow  very  slowly, 
although  the  roots  are  developing  then  quite  rapidly.  In  two  weeks 
after  the  plants  have  api)eared  they  become  more  vigorous  and  begin 
to  grow  rapidly,  especially  if  watered  with  weak  liquid  manures.  In 
from  six  weeks  to  two  months  after  the  seed  is  sown  the  plants  are 
ready  for  transplanting  to  the  field. 

Growers  usually  make  it  a  rule  to  plant  seed  beds  a  week  or  ten  dajrs 
apart,  as  a  protection  against  unexpected  cold  and  other  causes  of  loss. 
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When  a  bed  is  killed  ont  with  the  cold  it  is  immediately  resown.  Wlicn 
the  plants  are  too  thirk  in  a  bed  they  should  be  immediately  thinnt'd 
to  allow  space  tor  a  good  root  development.  Each  plant  should  be 
allowed  at  least  a  square  inch  of  space  for  the  roots  to  develop. 

PROTECTION. 

In  any  locality  it  is  well  to  have  the  bed  inclosed  with  a  cold  frame 
and  covered  with  plant  muslin.  For  this  puri>ose,  after  burning  the 
seed  bed  and  before  sowing  the  seed,  inclose  the  bed  with  a  frame  made 
of  1-iuch  plank,  8  or  10  inches  wide,  placed  on  edge,  and  nailed  at  the 
corners  with  diagonal  strips  of  1  by  3  inch  plank,  countersunk  at  the 
comers  and  securely  nailed  for  additional  safety.  If  there  are  no 
planks  available,  take  two  poles,  4  or  5  inches  in  diameter,  and  place 
one  on  top  of  the  other,  instead  of  the  plank.  The  bed  may  be  of  any 
desired  dimensions,  but  it  is  well  to  have  it  not  over  3  feet  wide  in  order 
that  all  parts  of  it  may  be  reached  from  either  si<le.  If  there  is  any 
slope  to  the  land  a  ditch  should  be  dug  on  the  ujiper  side  of  the  bed  to 
prevent  washing  and  the  earth  thrown  in  against  the  side  of  the  bed 
for  additional  protection  against  washing  and  cold  winds. 

SOWIHO  THE  SEED. 

As  the  impervious  nature  of  the  seed  coat  is  the  reason  for  many  of 
the  seeds  not  sprouting,  a  very  simple  method  can  bo  employed  to  obvi- 
ate this  trouble.  Spread  a  newspai)er  on  a  table  and  lay  a  sheet  of  tbe 
finest  emery  paper  on  it.  Pour  a  few  seeds  on  this  and  with  another 
piece  of  emery  paper  rub  the  seed  gently.  This  will  scratch  their  thick 
enveloi)es  and  enable  them  to  absorb  water.  It  is  well  to  place  the 
seed  in  a  damp  place  for  a  day  or  two  before  scratching,  for  if  they  are 
very  dry  when  scratched  they  are  apt  to  be  hulled  when  treated  in 
this  way.  After  scratching  the  coat,  place  the  seed  in  a  bowl  and  pour 
just  enough  water  on  them  to  cover  the  seed.  Let  them  stand  for  forty- 
eight  hours,  by  which  time  they  will  have  absorbed  all  the  wat^^r. 
Then  mix  the  seed  in  the  proportion  of  a  quarter  of  an  ounce  of  seed 
to  2  quarts  of  wood  ashes,  corn  meal,  or  sterile  earth  and  sow  them 
carefuHy  and  evenly  over  the  bed.  Do  not  soak  the  seed  unless  you 
water  in  sowing.  Meal  or  ashes  are  preferred  to  earth,  because  it  is 
easy  to  see  from  the  color  if  the  sowing  has  been  evenly  done.  The 
seed  should  be  sowed  when  the  wind  is  quiet.  The  seed  may  be  sown 
by  the  thumb  and  fingers,  or  like  grain,  except  that  the  hand  must  be 
held  close  to  the  bed  and  the  sweep  of  the  hand  limited.  After  sowing 
the  seed,  sweep  the  bed  over  carefully  with  a  brush,  broom,  or  small 
switch,  simply  disturbing  the  surface  of  the  bed  and  being  careful  not 
to  bury  the  seed  too  deep. 

Professor  Storer,  in  his  book  entitled  "Agriculture,^  says: 

As  to  the  methods  of  sowing  gross  seed,  experience  teaches  very  emphatically  that 
the  seed  should  not  be  hurled  deeply  in  the  earth,  as  they  do  not  contain  a  sufficient 
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snpply  of  nourisbment  to  cnriy  tlie  sprout  through  a  considerable  layer  of  earth, 
and  there  is  groat  danger  of  losing  them  if  they  are  deeply  covered.  It  is  true,  in 
general,  that  wherever  seeds  can  be  kept  properly  moistened  they  should  not  be 
deeply  bnriod,  and  this  both  because  the  seed  need  air  and  because  of  the  risk  of 
placing  too  many  impediments  in  the  way  of  the  young  shoot.  The  distance  through 
which  the  young  shoot  must  pass  in  order  to  get  above  ground  should  he  as  short  as 
possible,  in  order  that  the  store  of  nourishment  in  the  seed  may  not  be  wholly 
exhausted  in  the  struggle  with  the  layer  of  eaith  above  the  seed.  Some  of  this 
stoie  of  nourishment  is  wanted  to  establish  the  plant  firmly  after  it  has  reached  the 
air.  With  timothy  seed,  for  example,  a  German  experimenter,  Jensen,  found  that 
less  than  half  the  number  of  seed  sown  an  inch  deep  came  up  either  in  loam  or  sand, 
while  the  whole  of  the  seed  grew  that  was  sown  0.06  of  an  inch  deep. 

Tlio  importance,  then,  of  covering  the  tobacco  seed  very  little  will  be 
appreciated  when  it  is  remembered  that  tobacco  seed  is  very  mach 
smaller  than  timothy  seed. 

After  the  seed  has  been  sown  and  brushed  in,  it  shoald  be  thoroughly 
sprinkled  to  firm  the  earth.  This  is  the  best  practice.  It  may  be  firmed 
by  carefully  tamping  with  a  spade  or  hoe,  or  by  laying  down  a  board 
and  standing  upon  it,  turning  the  board  over  and  repeating  until  the 
whole  bed  has  been  gone  over.  It  may  be  tamped  with  square  boards, 
8  by  10  inches,  secured  to  the  feet  with  straps.  The  writer  is  convinced, 
however,  that  the  firming  is  best  done  by  simply  thoroughly  sprinkling 
and  keeping  the  bed  continuously  moist.  The  sprinkling  should  be 
repeated  twice  a  week,  or  even  oftenor  if  necessary,  and  daily  in  very 
dry  weather.  The  beds  should  be  kept  covered  with  canvas  or  cloth 
fastened  on  the  side  of  the  frame  by  means  of  headless  wire  nails 
driven  in  such  a  manner  as  to  hold  the  cloth;  or  the  covering  may  be 
fastened  to  small  poles  or  inch  strips  a  few  inches  longer  than  the 
length  of  the  bed  and  placed  2  feet  apart  with  the  cloth  fastened  to 
them.  Such  a  covering  can  be  readily  rolled  up  and  stored  away,  and 
will  last  several  seasons.  A  bed  so  covered  will  be  protected  from  the 
depredations  of  insects  of  all  kinds — a  constant  source  of  annoyance 
and  loss  in  open  beds.  Moisture,  also,  will  be  conserved,  and  both  the 
humidity  and  temperature  of  the  air  will  be  more  uniform.  A  week  or 
two  before  transplanting  the  covering  should  be  removed  about  one- 
half  hour  after  sunrise  for  an  hour  or  two  and  the  time  of  exposure 
increased  from  day  to  day  until  two  or  three  days  before  planting, 
when  the  covering  should  be  left  off  altogether  to  harden  th6  plants 
and  give  them  the  necessary  vigor  to  stand  the  shock  of  transplanting, 

TIME  OF  SOWING  SEED. 

There  seems  to  be  a  general  rule  for  sowing  the  seed  in  each  State 
with  reference  to  the  frosts  which  are  likely  to  occur  in  the  spring. 
The  following  table,  furnished  by  the  Weather  Bureau,  will  be  a  basis 
for  a  more  intelligent  rule  for  sowing  the  seed.  Seo<l  beds  should  be 
planted  from  six  weeks  to  two  months,  according  to  the  variety  of  the 
seed,  before  the  latest  date  at  which  killing  frost  has  ocourred  in  the 
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This  is  fof  dosiestic  seed.  For  imported  Oaban  and  Samatca 
seed  a  later  date  should  be  selected.  Imported  Cuban  seed  should  be 
planted  a  month  later  and  imported  Sumatra  six  weeks  later  than 
acclimated  seed.  Very  vigorous  varieties  of  tobacco  will  grow  large 
enou^  to  taraitsplant  in  six  weeks;  other  varieties  will  take  from  eight 
to  ten  weeks  from  the  time  of  sowing  the  seed. 

The  following  table  gives  the  average  and  latest  dates  at  which  kill- 
ing frosts  occur  in  the  spring,  as  furnished  by  the  Weather  Bureau: 


Average  and  actual  date  of  last  killing  frpet  in  Hie  epring  and  earlieet  killing  frost  in 

ike  fall. 

(From  T«ootds  of  tbe  Uoited  Stat«a  Weather  Barean.] 


State  and  localitjr. 


Spring. 


Averago. 


FaU. 


EarliasL 


Alabama: 

Mobile 

Montgomery 

Arkansas : 

Lit^eBook 

Fort  Smith 

Colorado: 

Denver 

Cenneotocat: 

New  Haven 

Biatriotof  Colambia: 

WaaUington 

Slvrida: 

Cedar  Key 

JackaonviUe  ..*,. 

Pensacola 

Georgia: 

AtlanU 

Augnsta 

Sikvaonah 

XUinoia: 

Cairo 

Chicago 

Springfield 

Indiana: 

Indianapolis. . . . .. 

Iowa: 

Davenport 

1)68  Moines 

nabttqne 

Keoknk 

SanKas: 

Dodge  City 

Leavenworth 

Kentucky : 

Ijouisville 

Ijoniftiana : 

New  Orleans 

Shrevoport 

Maine: 

Portwnouth 

Marvland : 

Baltimore ^... 

JiassacJiiiaetta : 

Ikmton 

lOcbigau : 

Alpena 

Detroit 

Escttuaba 

Ivrand  Haven 

Marqnetto 

Port  Hnron 

MinncHota: 

St.  Paid 

Dulath 

Mfiorbead 

His.«i8Rippi : 

Vicksbarg 

MiaKouri: 

St.Lmria 


Feb.  24 
Mar.  10 

Har.  21 
Mar.  22 

May  25 

May  80 

Apr.    4 

Feb.  4 
Feb.  24 
Mar.    7 

Mar.  25 
Mar.  17 
Mar.    1 

Mar.  81 
Apr.  23 
Apr.  16 

Apr.  17 

Apr.  25 
Apr.  24 
Apr.  27 
Apr.  10 

Apr.  22 
Apr.    0 

Apr.    8 

Feb.  2 
Feb.  26 

Apr.  14 

Apr.    6 


May  10 
May  2 
May  13 
Mav  8U 
May  18 
May    2 

May  1 
May  6 
May  18 

Mar.    3 

Mar.  ai 


Apr.  6 
...Tdo... 

Apr.  14 
Apr.    6 

Jane    6 

May  80 

Apr.  29 

Mar.  12 
Mar.  27 
Apr.    6 

May  21 
Apr.  5 
do  , . . 

May    8 

May  25 
do  ... 

May  21 

May  22 
May  31 
May  23 
May    2 

May  23 
May  21 

May  15 

Mar.  27 
Mar.  81 


May 
May 


May  17 

June  29 
M:»y  28 
Mav  29 
May  28 
June  11 
June    6 

May  ?5 
June  8 
June    5  I 

Apr.  22 

May     2 


Not.      a 
Oct.     21 


Oct. 
Oct 


Sept.  10 

Sept.  15 

Oct  4 

Not.  25 

KoT.  12 

Do. 

Oct  16 

Oct  8 

Xov.  2 

Oct  2 

Sept  27 

Sept  13 

Sept  26 

Sept  13 

Sopt.  12 

Bt-pt  5 

Sept  18 

Sept.  23 

Sep%  13 

Sept  80 

KOT,  11 

Oct  13 

Sept  7 

Oct  6 

Sept  30 

Aug.  24 

li^pt  23 

Sept  1 

A«g.  21 

Aug.  22 

Sept  14 

Sept  1 

Sept  13 

Aug.  25 

Oct  19 

Oct  U 
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Average  and  actual  date  of  last  Wlitig  froet  in  the  spHng  and  earliest  killing  fro$t  im 

the  fall— Coutiuxied. 

[From  rocords  of  tho  XJnitod  HtatM  Weather  Bureau.] 


State  and  locality. 


Spring. 


Average.     Last 


FalL 


BarUest. 


liiebrasica: 

Oroalia 

NortbPlatto  . 
Uew  Jersey : 

Atlantic  City. 

Capo  May 

Keir  liexic<V' 

Santa  Fe 

How  York: 

Albnny 

Biiflklo 

New  York  — 

Oawego , 

Boclifster 

Kortli  Carolina: 

Charlotte 

Hatteraa 

Manteo 

Wilmington.., 
North  Dakota: 

Bismarck 

St.  Vincent... 
Ohio: 

Cincinnati 

Cleveland 

Columbus..... 

Sandnskj' . 

Toledo 

Oklahoma: 

Fort  Sill 

Pennsylvania: 

Erie 

Philadelphia.. 

Pittsburg 

South  Carolina: 

Charleston  .... 
South  Dakota: 

Dead  wood 

Huron 

Yankton 

Tennessee: 

Chattanooga  . . 

Knoxville 

Memphis 

NashviUe 

Texas: 

Abilene 

Brownsville. . . 

Et  Paso 

Galveston 

Palestine 

Yirginia: 

Ijvnchbnrg 

Norfolk , 

Wisconsin : 

La  Crosse 

Milwaukee  — 


Apr.  15 
May    1 

Apr.    6 
...do  ..< 


Apr.  22 

Apr.  21 
May  27 
Apr.  14 
Apr.  26 
May    8 

Apr.  1 
Feb.  27 
Mar.  14 
Mar.  15 


Apr.  15 
Apr.  26 
Apr.  18 
Apr.  9 
Apr.  24 

Mar.  15 

Apr.  25 
Apr.  5 
Apr.  27 

Feb.  24 

May  11 
May  14 
Apr.  28 

Mar.  23 
Apr.  6 
Mar.  24 
Mar.  31 

Mar.  14 
Jan.  24 
Mar.  27 
Feb.     2 


Apr.  11 
Mar.  26 

May    1 
Apr.  80 


A  pi 
Ma: 


r.  29 
ay    3 

May  22 

...  do.. 
May  29 
Apr.  25 
Mav  20 

May  8 
Apr.  5 
Apr.  19 
Apr.  20 

June  6 
J  uno   8 

May  22 
June  6 
May  17 
May  23 

Apr.  18 

May  29 
Apr.  29 
May  22 

Apr.    2 

May  81 
June  22 
May  23 

Apr.  24 
Apr.  25 
Apr.  21 
May  24 

Mar.  29 
Mar.  1 
Apr.  22 
Mar.  18 
Mar.  30 

May  7 
Apr.  20 

^ray  23 
May  28 


Sept   20 
Sept   10 

Oct      4 

Oct     29 

Sept    19 

Oct  16 

Sept  21 

Oct  15 

Sept.  20 

Oct  8 

Not.  28 

Oct  10 

Oct  18 


Aug.  4 

Sept  80 

Sept  24 

Sept  29 

Oct  8 

Sept  9 

Oct  1 

Sept  10 

Oct  8 

Sept  25 

Not.  0 

Sept  T 

Sept  8 

Sept  18 

Sept  30 

Oct  8 

Oct  8 

Oct  8 

Oct  28 

Deo.  5 

Oct  24 

Nov.  18 

Nov.  10 

Oct  8 

Oct  10 

Sept  21 

Sept  17 


Transplanting  shoald  be  done  as  soon  as  possible  after  the  date  on 
which  tho  last  killing  frost  has  occurred  in  the  locality  and  should  be 
completed  within  a  month.  It  is  frequently  advisable  to  plant  earlier 
than  the  date  of  the  last  killing  frost  and  take  the  chance  of  the  crop 
being  caught.  This,  however,  should  be  an  exception.  Early  planting, 
to  be  sure,  saves  much  labor  in  worming,  and  where  air  curing  is  prac- 
ticed the  benefit  of  the  warm  weather  for  the  barn  curing  is  quite  an 
advantage.  On  the  other  hand,  many  prefer  to  plant  as  late  as  the  sea- 
son permits,  because  the  warm  sun  of  summer  is  believed  to  produce  a 
weeter  product. 
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As  a  mkr,  early  planting'  secures  tbe  benefit  of  the  winter  and  springy 
rains  and  secures  comparative  freedom  from  insects^  with  the  exception 
of  the  cut- worm.  Where  the  transplanting  is  done  late  in  the  season 
there  is  more  danger  from  drought  smd  a  greater  risk  of  obtaining  a 
poor  stand.  Of  course  where  irrigation  is  practiced  tobacco  can  be 
planted  at  a  lat^date,  provided  it  will  mature  during  the  growing  sea* 
son.  GknoraUy  speaking,  in  localities  south  of  liie  twenty-eightti 
degree  of  latitude,  transplanting  is  done  in  February  and  March;  in 
Louimana  from  March;  15  to  April  15  ^  Tennessee,  May  1  to  20;  Ken- 
tucky, about  May  20 ;  eastern  Georgia,  about  April  10;  western  Georgia, 
May  1;  South  Carolina,  April  10;  North  Carolina,  May  1;  Ylrgiida, 
May  10;  Pennsylvama,  New  York,  New  England,  and  Wificonsi%  J  warn 
lto20. 

It  will  be  seen  by  comparing  tiiese  dates  with  the  sehediile  ot  the 
latest  killing  frosts  that  have  occurred  in  their  respective  dbtriets  that 
experience  has  demonstrated  tibat  the  best  time  to  transplant  tobacco 
phints  is  as  early  as  possible  after  the  date  of  the  last  killing  frost  that 
has  occurred  in  the  locality. 

Before  leaving  this  subject  it  will  be  well  to  call  attention  to  tlie 
information  in  the  third  column,  of  the  table  just  given,  which  gives  the 
date  of  the  earliest  autumn  fros€  in  the  several  tobacco  seasons  and 
marks  what  should  be  the  end  of  the  tobacco-growing  season.  Tobacco 
k  very  easily  injured  by  frosts  and  it  should  be  housed  by  the  time  the 
first  killing  frost  is  liable  to  oceur  in  the  autumn.  It  m  easy,  therefore, 
to  calculate  from  this  table  the  season  in  which  the  crop  has  to  develop 
and  mature.  It  must  be  remembered,  however,  that  the  occurrence  of 
the  first  killing  frost  of  the  autumn  Tsuries  considerably  from  year  to 
year,  and  the  average  date  is  from  one  to  four  weeks  later  than  the 
earliest  date  in  most  of  the  localities  given  in  the  table. 

PLAiirnra 

The  field  selected  for  the  tobacco  should  be  plowed  in  the  fall.  This 
will  tend  to  bring  it  into  good  tilth  and  will  help  to  destroy  larvae  of 
all  kinds  which  may  be  destructive  to  the  crop  when  it  is  young.  In 
localities  where  the  ground  freezes  it  is  well  to  plow  in  the  fall  for  the 
purpose  of  destroying  the  cutworms.  At  the  fall  plowing  it  is  well 
also  to  apply  all  rough  manures  which  need  time  for  rotting.  In  the 
spring  the  land  is  plowed  again  as  early  as  possible,  and  tlie  fertilizers 
ure  then  applied  and  harrowed  in..  Two  or  three  weeks  before  planting 
the  land  is  again  harrowed  and  laid  off  in  rows  eitlier  by  throwing  a 
furrow  each  way  with  a  turning  plow  or  with  a  ridger.  The  distance 
apart  varies  somewhat  in  the  different  localities,  but  a  general  rnle  is 
from  3^  to  3^  foot  apart  each  way.  Sometimes  the  land  is  checked  3  by 
4  feet,  in  order  that  the  cultivation  may  be  continued  longer.  In  this 
eaae,^if  in  the.  North,  the  wide  furrows  should  run  north  and  south  for 
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additional  sunliglit  for  the  crop.  With  Sumatra  tobacco,  as  grown  In 
the  South,  4  feet  are  allowed  between  the  rows. 

In  the  Northern  States  sunlight  is  sought  after,  while  in  Florida  and 
Ouba  shade  is  desired.  Tobacco  raised  in  an  orange  grove  in  Ouba 
always  brings  a  better  price  than  tobacco  ^raised  in  the  open  field.  In 
Florida  open  lattice  sheds,  with  strix)s  3  inches  wide  and  3  inches  apart 
overhead,  are  provided  to  shade  the  tobacco  field.  This  method  is 
growing  in  popularity. 

For  the  smaller  and  finer  varieties  of  manufacturing  tobacco  the 
checks  may  be  3  feet  or  3  feet  3  inches  square.  In  Sumatra,  where  the 
coolie  does  all  the  labor  by  hand,  the  rows  are  made  2  feet  apart,  and 
the  plants  stand  2  feet  apart  in  the  row.  In  Ouba  and  in  southern 
Florida,  where  hand  cultivation  is  still  largely  practiced,  the  rows  are 
made  2  feet  6  inches  apart,  and  the  plants  are  set  from  12  to  18  inches 
apart  in  the  row,  according  to  the  strength  of  the  soil  and  the  amount 
of  guano  applied.  Such  close  planting  as  this  could  not,  of  course,  be 
adopted  where  horse  cultivation  is  practiced,  as  in  the  !N^orthern  States. 

The  plants  are  set  out  when  they  are  from  4  to  6  inches  high  in  the 
seed  bed.  This  is  an  invariable  rule  in  all  the  tobacco  districts  of  this 
country;  but  in  (Juba  they  are  allowed  to  grow  much  larger,  even  as 
much  as  8  or  10  inches  high.  Ih  driiiwing  the  plants  the  seed  bed  is 
thoroughly  watered,  so  that  it  will  be  loose  and  will  not  tear  the  roots 
much  in  drawing  the  plants.  It  is  also  advisable  to  have  as  mnch  of 
the  soil  adhere  to  the  roots  when  taken  up  as  possible.  The  drawing 
should  be  done  in  the  early  morning  while  the  dew  is  on  the  plants,  as 
the  leaves  are  less  liable  to  be  injured.  The  plant  should  be  grasped 
in  one  hand  between  the  thumb  and  finger  and  gently  lifted  by  means 
of  a  fork  or  small  pointed  stick  to  prevent  as  much  as  possible  injury 
to  the  stem  and  roots  and  to  bring  up  some  of  the  dirt  adhering  to  the 
roots.  The  plants  are  then  put  in  baskets  or  small  boxes,  the  roots 
together.  The  package  is  then  covered  with  a  damp  doth  and  placed 
in  a  shady,  cool  place  until  it  is  time  to  set  out  the  plants. 

In  the  early  spring,  especially  when  the  day  is  cloudy  and  damp  just 
after  a  rain,  plants  may  be  set  out  at  any  time  in  the  day.  Later  in  the 
season,  however,  as  the  air  becomes  drier  and  the  temperature  higher, 
plautB  are  usually  set  out  after  noon.  The  later  the  season  the  later 
the  time  of  setting  out.  Also  the  more  southern  the  locality  or  the 
higher  the  temperature  the  later  in  the  day  the  plants  should  be  set  out 

There  are  two  methods  of  planting,  either  by  hand  or  by  the  use  of 
a  planter.  In  hand  planting  the  plants  are  dropped  at  regular  inter- 
vals, usually  by  boys,  girls,  or  women,  while  another  hand  follows  with 
a  dibble  made  of  a  round  stick  1^  inches  in  diameter  and  10  inches 
long.  With  this  he  makes  a  hole  into  which  he  inserts  the  roots  of  the 
plant,  holding  the  plant  firmly  with  the  leaves  between  the  thumb  and 
finger.  The  dirt  is  then  pressed  around  the  roots  with  the  dibble  to 
firm  the  soil,  and  then  loose  eaith  is  brought  up  around  the  plant  and 
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the  whole  surface  left  in  as  loose  a  condition  as  possible.  Sometimes 
tlie  holes  are  made  with  a  staff— that  is,  a  soiooth,  round  stick  a}>omt  1^ 
inches  in  diameter  and  4  feet  long,  sharpened  at  one  end.  A  hand 
takes  the  staff  and  makes  the  holes  with  a  brisk  jab  the  desired  dis- 
tance apart  as  he  walks  along;  another  follows  with  a  basket  of  plants^ 
the  plants  being  dropped  near  the  holes;  another  follows  and  sets  the 
plants  in  the  holes.  The  plants  should  be  so  firmly  imbedded  that 
they  can  not  readily  be  pulled  up  by  pulling  on  the  top  of  one  of  the 
leaves. 

WATBRnra. 

If  the  soil  is  damp  when  the  plants  are  set  they  will  grow  without 
water.  If,  however,  the  soil  is  dry  when  the  plants  are  put  out  water- 
ing will  have  to  be  done  immediately  before  planting.  To  do  this  a 
hand  precedes  the  planter  with  a  pail  of  water  and  a  dipper  and  fills 
the  holes  with  water  just  before  the  plant  is  set  in.  If  the  season  con- 
tinnes  dry  the  plants  may  need  watering  until  they  establish  themselves, 
which  is  usually  about  a  week  fi'om  the  time  of  setting  out.  In  this 
ease  it  is  better  to  make  a  hole  near  the  plant  with  the  dibble  and  put 
the  water  in  that  and  cover  it  over  with  loose  dry  soil  to  prevent 
evaporation  than  to  apply  the  water  directly  to  the  surface.  Where 
possible  it  is,  of  course,  very  much  better  and  very  much  cheaper  to 
wait  for  the  spring  rains  to  moisten  the  ground  and  get  it  in  order  for 
planting. 

On  large  plantations  in  Ouba  no  holes  are  made  to  set  plants  in. 
They  "bust  out  the  middle  of  the  row^  with  a  scooter  or  shovel  and 
set  plants  in  the  furrow.  The  plants  are  set  so  that  the  bud  will  come 
just  above  the  level  of  the  field.  The  furrows  are  freshly  made  as  the 
planting  proceeds,  so  that  the  soil  shall  not  dry  out  too  much  for  plant- 
ing. The  plants  are  usually  longer  than  in  this  country,  and  if  they  are 
of  extra  length  they  are  planted  in  a  sloping  position  or  are  bent  in  the 
furrow  so  that  the  bud  only  will  be  above  the  level  of  the  field.  After 
planting  the  rows  are  leveled  with  a  hoe.  Replanting  is  done  where 
'necessar;^,  but  otherwise  the  soil  is  not  disturbed  for  about  two  weeks, 
or  until  the  plants  become  established.  After  that  the  field  is  contin- 
uously work^  and  is  kept  like  a  garden.  The  Cubans  claim  that  with 
a  setting  of  larger  plants  less  loss  occurs  than  with  smaller  ones.  The 
writer  has  tried  this  furrow  system  and  has  no  hesitation  in  recom- 
mending it  to  tobacco  planters.  It  is  more  speedy  to  set  the  plants  in 
ro\i  s  and  there  is  no  reason  why  it  should  not  be  practiced  in  check 
fields. 

The  method  of  transplanting  with  machines  is  now  very  generally 
practiced  in  the  Northern  cigar-tobacco  States.  There  are  a  number 
of  machines  designed  for  this  purpose  upon  the  market.  The  machine 
is  usually  drawn  by  two  horses  and  carries  the  driver  and  two  other 
persons  to  throw  in  the  plants.    The  machine  waters  the  holes  uui- 
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fonnly  before  planting,  sets  the  plant,  and  firms  the  eartli  uniformly 
and  firmly  around  it.  It  is  claimed  that  machine-set  plants  usually 
grow  off  better  than  hand-set  ones  and  a  better  stand  is  obtained. 
Where  the  transplanter  is  used  the  field  must  be  in  excellent  tilth  and 
free  from  stamps,  rocks,  and  litter.  By  its  use  a  man  and  two  boys 
can  set  from  2  to  G  acres  per  day,  and  as  the  soil  is  watered  immediately 
before  setting  it  is  not  necessaiy  to  wait  for  a  wet  season. 

CULTIVATIOir. 

A  tobacco  field  should  be  kept  clean  and  in  good  tilth,  both  to  pro- 
mote the  growth  of  the  plant  and,  by  removing  grass,  weeds,  and  trash, 
to  lessen  the  harbors  for  insects  of  all  kinds.  In  ten  days  or  two  weeks 
after  the  plants  have  been  set  out,  hoe  between  them,  removing  the  dry 
dirt  and  drawing  fresh  moist  earth  to  them.  They  should  then  bo  cul- 
tivated with  a  shallow  instrument,  such  as  a  cultivator  or  a  sweep, 
throwing  a  little  earth  to  the  plant.  The  cultivation  should  be  shallow. 
Do  not  cut  or  disturb  the  roots  of  the  tobacco  plant,  as  it  checks  its 
growth  and  tends  to  make  a  fibrous,  woody  leaf.  A  rapid  growth  from 
the  time  of  setting  until  the  plant  matures  gives  a  finer  textured  leaf 
than  a  slow  growth.  Still,  for  some  varieties  of  tobacco  and  for  certain 
purposes  it  is  not  desired  to  have  a  fine  texture  of  leaf.  No  rigid  rule 
can  be  laid  down  as  to  the  frequency  of  cultivation.  Jadgment  must 
be  used  in  this  as  in  other  matters  of  farm  practice.  As  a  rule,  fields 
should  be  cultivated  after  every  rain,  as  soon  as  the  soil  is  in  condition 
to  work.  The  surface  should  be  stirred  after  the  rain,  both  to  admit 
air  and  to  prevent  excessive  evaporation. 

When  the  plants  get  of  large  size  and  begin  to  throw  out  buds  they 
will  be  too  large  for  horse  cultivation.  The  field  should  then  be  kept 
clean  from  weeds  and  grass  with  a  hoe.  Dr.  Goessman,  of  the  experi- 
ment station  at  Amherst,  Mass.,  says  ^*the  timely  shallow  use  of  the 
cultivator  or  the  hoe  for  the  removal  "of  weeds  favors  a  uniform  progress 
and  growth.  The  careless  use  of  the  cultivator  or  hoe  invariably  checks 
more  or  less  the  growth  bif  the  plants  and  modifies  more  or  less  strik-. 
ingly  the  general  character."  Iii  cultivating,  always  work  the  soil  to 
the  plant.  It  is  better  to  pull  up  a  few  weeds  and  bunches  of  grass 
near  the  plant  than  to  use  a  tool,  because  of  the  danger  of  injuring 
the  roots. 

FEETILIZEES. 

In  fertilizing  the  tobacco  plant  there  is  need  to  consider  both  the 
yield  of  the  crop  as  a  whole  and  the  effect  of  certain  fertilizers  upon 
the  quality  of  the  finished  leaf.  There  are  certain  substances  which 
can  not  be  used  without  injuriously  affecting  the  burning  qualities  of 
the  leaf.  Chlorine,  which  is  contained  in  common  salt,  muriate  of  pot- 
ash, kainit,  and  generally  in  the  lower  and  cheaper  forms  of  potash 
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salts,  is.  decidedly  injarious  to  the  burning  qualities  of  tobacco.  Sul- 
phate of  potash,  when  used  iu  excess,  is  generally  believed  to  be  inju- 
rious to  the  burning  qualities  of  the  cigar  leaf.  Excess  of  phosphoric 
acid  is  injurious,  as  it  afifects  the  color  of  the  ash.  According  to 
Nessler's  observations,  the  more  phosphoric  acid  there  is  in  a  soil  the 
more  of  it  is  taken  up  by  the  tobacco  plant.  Excess  of  nitrogen,  espe- 
cially that  in  the  form  of  raw  animal  fertilizers  and  fresh  animal  manure, 
makes  a  coarse,  thick  leaf  which  is  unfavorable  for  the  wra])per  types, 
but  is  quite  favorable  to  some  of  the  manufacturing  and  export  types. 

As  a  rule,  care  must  be  taken  in  the  production  of  cigar  wrapper  leaf 
and  in  the  bright  yellow  leaf  of  Virginia  and  North  Carolina  to  use 
only  moderate  quantities  of  stable  manure  or  animal  nitrogenous 
manures  of  any  kind,  as  it  is  not  desired  that  the  leaf  should  be  thick 
and  coarse.  With  the  heavy  export  types  great  quantities  of  these 
manures  may  be  used  to  advantage.  Large  quantities  of  mineral 
manures  are  used  in  the  production  of  both  the  wrapper  leaf  for  cigars 
and  the  bright  yellow  tobacco,  as  these  are  both  grown  on  very  poor 
sandy  soils  which  depend  mainly  for  their  food  suj^ply  upon  the  minerals 
apidied. 

Dr.  Goessman  summarizes  the  results  of  the  field  experiments  T\ith 
the  cigar  tobacco  in  Massachusetts  iu  Bulletin  No.  47  of  the  Massachu- 
setts Experiment  Station,  as  follows: 

Cotton-seed  meal  and  castor  pumice  have  proved  quite  ^ood  sources  of  nit rojjon 
for  the  snecessful  raising  of  tobacco  when  used  in  connection  with  nitrate  of  soda 
or  pot.ash  sufficient  to  furnish  one-fourth  of  the  nitrogen  called  for  by  tlie  crop. 
Cotton-seed  huU  ashes  and  high-grade  sulphate  of  potash  liave  proved,  in  our  obser- 
vation, most  valuable  sources  of  potash  for  tobacco.  Acid  pho6])hnte  and  phosphatic 
slag  ai*o  used  in  preference  to  animal  phosphates.  The  standard  fertiliser,  recom- 
mended by  the  station,  was  phosphate  3  per  cent,  nitrogen,  5  per  cent,  and  potash, 
15  per  cent.  There  have  been  so  many  conillcting  claims  made  as  the  result  of  care- 
ful experiments  in  different  localities  that  it  is  evident  that  the  nature  of  the  soil, 
the  character  of  the  season,  and  other  factors  which  are  not  known  at  present  have 
80  much  influence  that  no  precise  statement  can  bo  made  of  the  best  fertilizers  for 
tobacco. 

From  20D  pounds  to  a  ton  of  commercial  fertilizers  are  commonly 
applied  per  acre  to  the  tobacco  crop.  Sometimes  as  much  as  2  tons  are 
used  where  a  high-grade  wrapper  leaf  or  thin,  bright  tobacco  can  be 
produced.  The  fertilizer  may  be  either  broadcasted  or  drilled  in  the 
row  just  before  the  plants  are  set  out.  Sometimes  the  fertilizer  is 
applied  in  two  or  three  applications  during  the  season. 

TOPPING. 

The  objective  point  in  the  life  of  a  plant  is  the  production  of  seed  for 
the  perpetuation  of  the  species.  When  the  seed  head  forms  and 
develops,  the  nourishment  is  gradually  transferred  from  the  leaves  and 
used  for  the  formation  and  production  of  seed.  In  a  plant  like  tobacco, 
which  is  valued  for  the  quality  of  the  leaf,  it  is  necesfnry  to  remove 
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the  seed  Lead  as  it  forms,  in  order  tLat  the  nutritive  substance  may 
remain  in  the  leaf.  When  the  bud  is  removed  the  plant  throws  out 
suckers  at  the  junction  of  the  leaves,  and  these  also  must  be  promptly 
removed  or  the  leaf  will  lose  part  of  the  nutritive  matter  which  has 
been  stored  up  in  it. 

Just  when  is  the  proper  time  to  top  is  a  disputed  question.  It  depends 
upon  the  variety  of  the  plant,  the  vigor  of  growth,  and  the  conditions 
of  soil  and  climate,  as  well  as  upon  the  use  for  which  the  tobacco  is 
intended.  To  retain  the  greatest  amount  of  nutritive  matter  in  the 
leaves  and  to  induce  a  uniform  ripening  of  the  plant,  the  bloom  bud 
should  be  removed  as  soon  as  it  appears. 

Just  how  much  of  the  top  should  be  removed  in  taking  out  the  bud 
also  depends  upon  the  variety  of  tobacco  and  upon  the  strength  and 
vitality  of  the  plant.  Strong,  vigorous  plants  are  topped  high.  When 
a  good  stand  is  obtained  at  planting,  the  plants  will  bud  about  the 
same  time,  but  all  the  plants  of  a  field  will  not  be  ready  to  top  at  the 
same  time,  and  a  great  deal  of  judgment  is  required  to  know  when  to 
remove  the  bud.  This  judgment  is  based  upon  the  vitality  of  the 
plant  and  for  what  purpose  the  leaves  are  to  be  grown.  It  is  necessary, 
therefore,  to  go  over  the  field  several  times  to  remove  the  buds,  and 
after  the  first  time  the  suckers  are  removed  at  the  same  time  the  buds 
are  taken  out.  It  must  not  be  understood  that  suckering  is  not  neces- 
sary before  this  time.  Some  plants  send  out  suckers  at  an  early  period 
of  their  life,  long  before  the  bloom  bud  appears,  and  these  suckers  must 
be  removed  as  they  appear. 

In  the  cigar-tobacco  districts  from  15  to  20  leaves  are  left  on  the 
plant.  When  the  tobacco  is  intended  mainly  for  cigar  fillers  a  less 
number  are  left  on,  as  it  is  desired  to  have  the  leaves  stronger  than 
where  wrappers  are  produced.  On  the  heavier  types  of  manufactur- 
ing  and  export  tobaccos  from  10  to  12  leaves  are  left  on.  More  are  left 
on  very  vigorous  plants  than  on  delicate  ones.  Experienced  toppers 
do  not  count  the  leaves,  but  use  their  judgment  as  to  the  ability  of  the 
plant  to  maintain  a  certain  number  which  they  think  should  be  left  on. 
The  suckers  have  to  be  removed  two  or  three  times  during  the  season. 

In  Cuba  and  in  Florida  a  good,  vigorous  sucker  is  allowed  to  remain 
when  the  plant  is  cut,  and  this  develops  into  what  is  called  a  sucker 
crop,  which  is  somewhat  inferior  to  the  first  crop,  but  is  good  for  filler 
purposes. 

CUTTIirG. 

"The  passage  of  the  various  constituents  of  a  plant  from  onfe  part  of 
it  to  another,  as  the  plant  advances  to  maturity,  is  a  capital  fact  com- 
mon to  all  plants,  and  we  see  in  fact  that  the  oldest  leaves  gradually 
wither  and  die  as  they  give  up  to  the  newer  parts  of  the  plant  many  of 
the  matters  that  were  contained  in  their  cells.  There  comes  a  time 
when  the  plant  ceases  to  draw  food  from  the  air  and  from  the  soil  and 
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devotes  itself  to  the  purpose  of  concentrating  the  nourishment  that  was 
previously  scattered  through  all  its  parts.''  At  this  period  the  leaves 
begin  to  change  color,  light  yellow  spots  appear  upon  them,  and  the  leaf 
or  plant  is  said  to  be  ripe  and  ready  to  be  cut.  As  the  leaves  ripen  from 
the  bottom  upward,  the  rational  system  is  to  pick  or  prime  the  tobacco 
as  the  leaves  ripen.  This  is  done  in  the  bright-tobacco  district  and  to 
some  extent  in  the  cigar  districts  of  Florida.  In  the  other  districts, 
including  the  cigar  districts  of  the  North  and  manufacturing  and 
export  tobacco  districts,  the  plant  is  cut  when  the  middle  leaves  are 
about  ripe.  If  the  plant  is  not  fully  matured  at  the  time  of  cutting  it 
is  liable  to  cure  dark,  or  if  the  weather  happens  to  be  dry  or  cold,  so 
that  it  dries  out  quickly,  it  will  cure  green  and  bo  worthless. 

The  time  when  a  plant  is  ripe  and  ready  to  be  cut  is  a  matter  of 
judgment  and  experience.  There  is  a  slight  change  in  the  color  of  the 
leaf,  perceptible  in  looking  over  a  field  of  tobacco,  which  shows  the 
experienced  grower  that  it  is  ready  to  be  cut.  When  the  leaf  is  observed 
to  change  color  from  a  rank  green  to  a  lighter  shade  of  green,  and  yel- 
low spots  appear,  it  is  a  certain  indication  that  the  constituents  of  the 
leaf  have  performed  their  duty  and  are  going  back  to  the  stalk  to  be 
carried  to  the  upper  leaves  or  to  be  used  for  other  purposes  in  the 
economy  of  the  plant. 

Another  test  of  this  is  to  fold  the  leaf  between  the  fingers,  and  if 
the  leaf  snaps  or  retains  a  crease  where  it  was  folded  it  is  said  to  be 
ripe. 

A  plant  that  is  topped  low,  with  only  8  or  10  leaves,  will  mature  more 
uniformly,  of  course,  than  one  that  is  topped  high,  like  the  Sumatra^ 
where  18  or  20  leaves  are  left  on  the  plant. 

Cutting  or  priming  should  not  be  done  when  dew  or  rain  is  on  the 
plant,  as  it  is  liable  to  leave  black  spots  on  the  cured  leaf.  In  the  South 
cutting  is  not  done  until  afternoon  in  midsummer,  as  the  midday  sun  is 
liable  to  sunburn  the  tobacco  in  a  few  moments. 

Where  priming  is  done  the  leaves  are  placed  in  baskets  or  shallow 
boxes  to  be  carried  to  the  drying  sheds,  where  they  are  strung  on  twine 
or  on  wires.  The  leaves  are  put  face  to  face  and  back  to  back,  30  to 
50  to  a  string,  according  to  the  size  of  the  leaf.  The  twine  or  wire  is 
then  stretched  on  a  4-foot  lath  with  a  slit  about  2  inches  long  sawed  in 
each  end,  and  hung  in  its  place  in  the  barn.  In  harvesting  plants  they 
will  not  all  be  ready  to  be  cut  at  the  same  time,  and  it  is  necessary  to 
go  over  the  field  a  number  of  times,  and  cut  them  only  as  they  ripen. 

Where  the  whole  plant  is  cut  it  is  allowed  to  wilt  for  several  hours 
before  being  carried  to  the  bam  to  prevent  breaking  the  turgid  leaves. 
Plants  are  cut  and  laid  in  rows  on  the  ground  to  wilt,  several  rows 
being  laid  in  one  for  convenience  in  handling.  With  the  finer  grades 
of  cigar  wrapper  the  plant  is  not  allowed  to  lie  on  the  ground  directly, 
and  in  many  localities  the  wilting  is  done  after  the  plant  is  put  on 
laths,  upon  which  it  is  to  be  hung  in  the  barn,  and  the  laths  supported 


Digitized  by  VjOOQ IC 


20 

on  small  trestles  in  the  field  or  in  racks  arranged  for  the  purpose. 
When  sufficiently  wilted  the  tobacco  is  hauled  to  the  barn,  either  on 
racks  made  for  the  puri)ose  or  carefully  piled  on  the  wagon  bed.  In 
hanging  the  tobacco  the  butts  are  either  pierced  with  an  iron-pointed 
lath,  or  the  stalk  is  split  all  the  way  up  and  the  plants  strung  on  the 
laths  in  this  way.  Before  being  hung  up  care  should  be  taken  to 
remove  all  worms  and  eggs  from  the  leaves,  as  the  latter  are  liable  to 
hatch  and  the  worms  do  great  injury  to  the  leaves  while  hanging  in 
the  bam.  All  the  suckers  should  also  be  removed,  or  they  will  con- 
tinue to  grow  and  absorb  the  nourishment  of  the  full-grown  leaves. 

In  Cuba  and  southern  Florida  the  plant  is  cut  in  sections  in  the  iield. 
The  three  top  leaves,  usually  the  finest  wrappers,  are  cut  in  one  section, 
the  rest  of  the  stalk  is  cut  in  sections  of  two  each.  Two  rows  are  taken 
at  a  time,  and  the  sections  are  assorted  according  to  their  grade  and 
position  on  the  plant.  The  field  is  gone  over  several  times  until  all  the 
ripe  plants  have  been  cut.  Boys  accompany  the  experts  and  receive 
the  sections  on  their  arms,  the  stems  being  turned  alternately  to  prevent 
the  loads  from  falling.  When  a  turn  has  been  received  the  boys  slide 
the  sections  on  to  poles  placed  on  forked  stakes  at  convenient  places  in 
the  field.  These  poles  when  full  are  carried  to  the  bam.  The  Cubans 
use  long  poles,  usually  13  feet  in  length.  This  system  has  the  advan- 
tage of  sorting  the  tobacco  as  it  goes  into  the  barn.  As  the  curing 
progresses  in  the  barn  the  leaves  are  separated  more  and  more  for  a 
better  circulation  of  air. 

Cut  tobacco  must  not  be  left  exposed  to  the  sun  and  wind,  especially 
when  lying  on  the  ground  in  small  piles.  It  must  be  hauled  to  the 
wilting  sheds  or  barns  as  soon  as  the  leaves  are  sufficiently  wilted  to 
avoid  being  broken  in  handling. 

Where  priming  is  practiced  the  leaves  should  be  left  to  mature  fur- 
ther than  where  the  entire  stalk  is  cut,  for  while  the  stalk  is  hanging 
in  the  barn  a  translocation  of  the  matters  from  the  stalk  to  the  leaves 
takes  place  and  from  the  leaf  to  the  stalk,  and  the  leaf  ages  and 
matures,  therefore,  while  hanging  in  the  barn.  When  the  leaf  is  once 
severed  from  the  stalk,  however,  in  the  process  of  priming  or  cutting 
in  sections,  there  is  no  opportunity  for  this  transfer  except  to  the  very 
small  i)ortion  of  stalk  which  is  left  on  the  section. 

SAvnra  seed. 

Tlie  grower  should  maintain  and  even  improve  the  quality  of  his  crop 
by  a  judicious  selection  of  seed  plants.  To  this  end  the  field  is  gone 
over  several  times  during  the  growing  season  and  typical  plants  picked 
out  possessing  the  greatest  possible  number  of  good  points.  After 
finally  deciding  upon  the  plants  which  should  be  saved  for  seed,  these 
are  allowed  to  grow  to  full  maturity  without  removing  the  seed  head 
when  the  rest  of  the  field  is  topped.    As  the  seeds  of  a  plant  are  pro- 
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dnced  from  the  food  matorial  prepared  in  the  leaves,  the  leaves  sbonld 
be  left  upon  the  seed  plant  antil  the  seed  is  ripe.  It  isadvisable  also 
to  have  plants  close  to<;:ether  in  order  that  they  may  fertilize  each  other 
by  the  exchange  of  their  pollen.  Only  the  central  spike  of  the  plant 
fihoald  be  left  for  seed,  the  suckers  being  removed  as  they  develop  in 
order  that  all  the  nourishment  taken  up  by  the  plant  should  go  into 
the  central  spike  to  make  heavy  seed. 

The  largest  pods  \rill  contain  the  heaviest  seed,  and  these  should  be 
selected  for  planting.  *^  Hellreigel  found  that  the  weight  of  the  seed 
sown  had  under  some  circumstances  considerable  influence  on  the  yield 
of  the  crop,  and  that  the  young  plants  from  the  over  ripe  seed  were 
decidedly  the  strongest  and  most  vigorous,  the  others  being  smaller 
and  feebler,  very  much  in  proportion  as  the  seed  from  which  they  grew 
bad  been  gathered  earlier."  The  heavier  seeds  can  be  separated  from 
the  light  by  winnowing  in  a  light  wind  or  by  screening.  Seed  plants 
of  dififercnt  varieties  should  be  separated  as  far  as  possible  to  prevent 
crossing  through  the  intervention  of  insects,  air  currents,  etc.  Exchang- 
ing and  mixing  seed  of  the  same  variety  grown  some  miles  distant  if 
good  practice,  as  it  tends  to  make  the  seexl  and  plants  more  vigorous. 

A  great  deal  of  trouble  arises  in  attempting  to  maintain  a  fair  strain 
of  tobacco  seed  on  account  of  the  facility  with  which  cross  fertilization 
occurs  in  the  field.  For  this  reason  the  recent  experiments  of  Dr. 
Doroxie,  editor  of  the  "Hungarian  Tobacco  Gazette"  of  Budapest,  men- 
tioned by  Killebrew  and  Myrick  in  "Tobacco  Leaf,"  is  of  great  interest. 
This  gentleman  "has  propagated  tobacco  from  slips,  and  claims  that 
the  leaves  harvested  from  such  propagated  plants  are  finer  and  of  higher 
quality  than  those  of  the  mother  plant." 

The  suckers  from  the  plant  are  easily  propagated  in  a  suitable  seed 
bed,  just  as  slips  of  any  of  the  ordinary  flower  plants,  such  as  geranium 
or  coleus.  They  can  be  readily  grown  to  maturity  in  the  field  or  in  the 
hothouse,  and  the  seeds  so  obtained  will  actually  represent  the  parent 
without  change  from  cross  fertilization  from  other  plants  if  care  is  taken. 

It  seems  probable  that  by  continuously  raising  seed  from  suckers 
instead  of  from  seed,  Havana  or  other  superior  kinds  of  tobacco  can 
be  acclimated  in  the  Northern  States  and  retain  the  qualities  of  the 
first  year's  crop,  just  as  original  qualities  are  retained  by  layering  and 
grafting  fruit. 

Tobacco  seed  will  retain  its  vitality  for  ten  or  twenty  years,  but  it 
must  be  remembered  that  as  a  general  rule  all  seeds  begin  to  lose  their 
vitality  from  the  moment  of  ripeness.  The  process  of  deterioration 
with  tobacco  seed  goes  on,  and  on  each  succeeding  year  a  less  number 
of  seeds  will  sprout  until  finally  all  lose  their  germinating  power.  In 
planting  old  seed  they  should  be  first  tested  and  the  quantity  sown 
should  be  proportional  to  the  vitality  of  the  seed. 
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INSECT  PESTS. 

Trouble  with  iusocts  begins  from  the  moment  the  seed  is  sown  and 
oontinues  even  after  the  tobacco  is  harvested  and  hung  in  the  curing 
Bhed.  Ants  in  the  seed  bed,  cut- worms  at  the  planting  of  the  crop,  and 
tobacco  worms  throughout  the  growing  season  of  the  plant  have  to  be 
continuously  sought  for  and  destroyed.  For  cut- worms  it  is  best  to 
spread  over  the  field  before  planting  cabbage  or  turnip  leaves,  bunches 
of  grass,  or  meal  dipped  in  a  solution  of  paris  green,  a  tablcspoonful 
of  paris  green  to  a  bucket  of  water.  Where  the  meal  is  used,  one 
tablcspoonful  of  paris  green  should  be  mixed  with  a  gallon  of  meal  or 
flour.  Two  such  applications  are  recommended.  After  the  plants  are 
Bet  it  is  also  well  to  dust  them  with  a  mixture  of  paris  green  and  meal. 

There  are  several  remedies  proposed  for  the  destruction  of  the  tobacco 
worm,  but  the  most  satisfactory,  although  the  most  expensive  method, 
is  to  search  for  them  in  the  early  morning  and  destroy  them  by  hand. 
During  the  heat  of  the  day  they  retire  into  sheltered  places  where  it  is 
not  easy  to  find  them.  At  the  same  time  in  looking  for  the  worms,  the 
eggs  of  the  moth  should  be  destroyed  wherever  seen  on  the  leaves. 
These  eggs  are  about  the  size  of  a  tobacco  seed  and  are  nearly  the  color 
of  the  leaf  itself,  so  that  they  are  hard  to  find.  Attempts  have  been 
made  to  catch  the  moth  in  various  kinds  of  traps,  and  considerable 
relief  has  been  secured  thereby.  The  field  should  be  gone  over  at  least 
three  times  a  week.  It  is  especially  desirable  to  destroy  as  completely 
as  possible  the  earlier  brood,  so  that  there  will  not  be  so  many  later  in 
the  season  when  the  main  brood  comes  on. 
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FARMERS'   BULLETINS. 

These  bnllctir.8  are  sent  free  of  charge  to  any  address  npon  application  to  the 
Secretary  of  Agriuulfciire,  Washington,  D.  C.  Only  the  following  are  available  for 
dibtribution: 

Ko.  16.  Loguininoas  Plftnta  for  Green  Manuring;  and  for  Foedln^.  Pp.  24.  No.  19.  Impot  t4Uit  Insoo- 
ticidcH:  Directions  for  Their  Preparation  and  Use.  Pp.  20.  No.  21.  Barnyard  Manure.  Pp.32,  figs. 
7.  No.  22.  The  Feeding  of  I'arm  Animals.  Pp.32.  No. 23.  Foods:  Nutritive  Value  and  Cost  Pp. 
82,  chnrt8  2.  No. 24.  llog  Cholera  and  Swine  Pla^uo.  Pp.  10.  No. 25.  Peanita:  Culture  and  Uses. 
Pp.24,  fig.  1.  No, 20.  Sweet  Potatoes:  Culture  and  Uses.  Pp. 30, figs.  4.  No. 27.  FInx  for  Seed  and 
Fiber.  Pp.16.  No.  28.  Weeds:  and  How  to  Kill  Them.  Pp.  32,  tigs.  11.  No. 29.  Souring  of  Milk, 
and  Other  Changes  in  Milk  Products.  Pp.  23.  No.  30.  Grape  Diseases  on  the  Pacific  Coast.  Pp.  15, 
figs. 3.  No.  31.  AUalfa.  or  Luccru.  Pp.24,  figs. 3.  No. 32.  Silos  and  Silage.  Pp.  32, figs.  10.  No.  3: J. 
Peach  Growing  lor  Market.  Pp.  24,  figs  21.  No.  34.  Meata:  Composition  and  Cooking.  Pp.  29, 
figs.  4.  No.  35.  Potato  Culture.  Pp.  23,  figs.  3.  No.  30.  Cotton  Seed  and  iu  Pi-oducts.  Pp.  16.  No. 
87.  Kafir  Corn:  Character islica.  Culture,  and  Uses.  Pp.  12,  fig.  1.  No.  38.  Spraying  for  Fruit 
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LFTTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agrioultubb, 

Division  of  Soils, 
WasMngtonj  D.  C,  June  20^  1898. 
Sra:  I  submit  herewith  a  paper  upon  Tobacco  Soils,  which  I  recom- 
mend  be  published  in  the  form  of  a  Farmers'  Bulletin.    This  is  part 
of  some  preliminary  work  which  has  been  done  in  the  examination  of 
the  soils  of  the  principal  tobacco  districts  of  the  country,  and  is  offered 
as  a  further  addition  to  the  number  of  bulletins  upon  tobacco  which 
are  being  issued  by  the  Department.    The  matter  has  been  treated 
more  at  length  in  Bulletin  No.  11  of  this  Division. 
EespectfuUy, 

Milton  Whitney, 

Chief  of  Division. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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TOBi^OOO  SOILS. 


nrrEODUcnoN. 

The  Department  is  constantly  in  receipt  of  letters  asking  for  informa- 
tion and  advice  in  regard  to  the  growing  of  tobacco.  For  this  reason 
a  series  of  Farmers'  Bulletins  have  been  planned  to  cover  different 
phases  of  the  production  and  sale  of  tobacco.  The  main  points  of 
inquiry  seem  to  be  in  regard  to  the  kind  of  tobacco  which  should  be 
grown  and  the  method  of  curing  the  product. 

Tobacco  can  be  grown  in  nearly  all  parts  of  the  country,  even  where 
wheat  and  corn  can  not  be  economically  produced.  The  plant  readily 
adapts  itself  to  a  great  range  of  climatic  conditions,  will  grow  on  nearly 
all  kinds  of  soil,  and  has  a  comparatively  short  season  of  growth.  But 
while  it  can  be  so  universally  grown,  the  flavor  and  quality  of  the  leaf 
are  greatly  influenced  by  the  conditions  of  climate  and  soil.  The  indus- 
try has  been  very  highly  specialized,  and  there  is  only  demand  now  for 
tobacco  possessing  certain  qualities  adapted  to  certain  specific  purposes. 
A  nondescript  tobacco  is  not  worth  growing  and  should  not  be  grown, 
as  it  lowers  the  price  of  really  good  types  of  tobacco,  to  the  detriment 
alike  of  the  grower  and  the  consumer.  As  climate  and  soil  conditions 
determine  the  character  of  the  tobacco,  it  is  important  to  understand 
what  kinds  of  tobacco  are  in  demand  and  what  the  climatic  and  soil 
conditions  are  which  will  most  easily  produce  the  qualities  desired. 

The  principal  kinds  of  tobacco  grown  in  this  country  are  the  cigar 
types,  for  our  domestic  supply  of  cigars;  the  manufacturing  types,  for 
smoking  and  chewing,  for  our  domestic  use;  the  bright  yellow  tobacco, 
for  cigarettes,  smoking,  and  plug  wrappers;  White  Burley,  for  smoking 
and  chewing,  both  for  domestic  and  export  ti'ade;  and  the  export  types 
proper,  which  are  not  suited  to  our  domestic  use,  but  which  are  mainly 
exported  to  foreign  countries  to  be  used  both  for  cigar  and  manufac- 
turing purposes. 

In  the  ten  years  between  1879  and  1889  the  acreage  and  yield  of  the 
cigar  tobaccos  were  very  considerably  increased.  The  manufacturing 
and  export  districts  can  not  be  sharply  separated,  as  both  kinds  of 
tobacco  are  frequently  grown  in  the  same  district  and  the  same  kind  is 
frequently  used  for  both  purposes.  On  the  whole,  there  was  a  consid- 
erable decrease  in  the  acreage  and  yield  of  these  classes.  With  the 
bright  yellow  and  burley  tobaccos  there  was  a  large  increase  in  both 
acreage  and  yield. 
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CLIMATE  AND  DISTEXBUTION  OF  TOBACCO. 

It  is  a  curious  and  interesting  fact  that  tobacco  suitable  for  our 
domestic  cigars  is  raised  in  Sumatra,  Cuba,  and  Florida,  and  then 
passing  over  our  middle  tobacco  States,  the  cigar  type  is  found  again 
in  Massachusetts,  Connecticut,  Pennsylvania,  Ohio,  Indiana,  Illinois, 
and  Wisconsin.  The  tobacco  which  we  use  only  for  chewing  and 
smoking  and  which  we  send  abroad  is  raised  in  the  intervening  States, 
the  very  best  locality  Ijring  just  below  the  latitude  of  southern  Ohio. 

It  is  surprising  to  find  so  little  difiference  in  the  meteorological  records 
for  these  several  places  during  the  crop  season.  There  does  not  seem 
to  be  sufficient  difference  to  explain  the  distribution  of  the  different 
classes  of  tobacco,  and  yet  this  distribution  is  probably  due  mainly  to 
climatic  conditions. 

One  must  still  judge  therefore,  so  far  as  the  climate  is  concerned, 
mainly  from  the  experience  of  others  as  to  the  class  of  tobacco  to  be 
raised,  as  the  ordinary  meteorological  record  will  be  of  very  little  value 
in  determining  this  point  The  plant  is  far  more  sensitive  to  these 
meteorological  conditions  than  are  our  instruments.  Even  in  such  a 
famous  tobacco  region  as  Cuba,  tobacco  of  good  quality  can  not  be 
grown  in  the  immediate  vicinity  of  the  ocean  or  in  certain  parts  of  the 
island  even  on  what  would  otherwise  be  considered  good  tobacco  lands. 
This  has  been  the  experience  also  in  Sumatra  and  in  our  own  country, 
but  the  influences  are  too  subtle  to  be  detected  by  our  meteorological 
instruments. 

Little,  therefore,  can  be  said  at  the  present  time  in  regard  to  the 
suitable  climatic  condition  for  tobacco  of  any  particular  type  or  quality. 

sons  OF  THE  SEVEBAL  DISTEICT& 

Under  given  climatic  conditions  the  class  and  type  of  tobacco  depend 
upon  the  character  of  the  sml,  espteially  on  the  physical  character  of 
the  soil  upon  which  it  is  grown,  while  the  grade  is  dependent  largely 
upon  the  cultivation  and  curing  of  the  crop.  Different  types  of  tobacco 
are  grown  on  widely  differing  soils  all  the  way  from  the  coarse,  sandy 
lands  of  the  pine  barrens  to  the  heavy  clay  limestone  grass  and  wheat 
lands.  The  best  soil  for  one  kind  of  tobacco,  therefore,  may  be  almost 
worthless  for  the  staple  agricultural  cro[)S,  while  the  best  for  another 
type  of  tobacco  may  be  the  richest  and  most  productive  soil  of  any 
that  we  have.  It  is  particularly  true  of  tobacco,  to  a  greater  extent 
perhaps  than  of  any  other  crop,  that  the  texture  and  physical  proper- 
ties of  the  soil  influence  the  physiology  of  the  plant  to  such  an  extent 
as  to  determine  and  control  the  distribution  of  the  widely  differing 
distinct  types  of  tobacco.  Soils  producing  a  heavy  shipping  tobacco 
will  not  produce  fine  tobacco  of  any  variety.  Soils  containing  a  large 
proportion  of  clay,  or  which  for  other  reasons  are  very  retentive  of 
moisture,  tend  to  produce  large,  heavy  plants,  which  cure  to  a  dark 
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brown  or  red.  A  lighter  sandy  soil  prodaces  a  plant  having  a  thinner 
and  more  delicate  leaf,  which  by  proper  treatment  can  be  cored  to  a 
bright  red  mahogany  or  fine  yellow  color.  So  marked  is  this  inflneuce 
of  soil  npon  the  quality  of  the  tobacco,  that  a  fine,  bright  tobacco  land 
may  be  separated  by  only  a  few  feet  from  a  heavier  clay  soil,  which  will 
produce  only  a  heavy  manufacturing  or  export  leaf. 

Manures  and  fertilizers  tend  always  to  increase  the  yield  per  acre, 
but  where  large  quantities  of  nitrogen  are  added  to  the  soil  there  is  a 
tendency  for  the  leaf  to  become  thicker,  heavier,  and  more  gummy. 
In  the  case  of  the  fine  bright  tobaccos  or  naturally  thin-textured  leaves 
this  is  apt  to  cause  a  marked  deterioration  in  the  character  of  the  leaf; 
but  with  the  heavier  varieties  this  result  is  far  from  undesirable, 
because  it  merely  increases  the  normal  influences  of  the  soil  in  making 
the  leaf  heavier,  richer,  and  of  more  body.  Considerable  control  can 
therefore  be  exercised  upon  the  quality  or  grade  of  the  leaf  not  only 
by  judicious  cultivation,  but  by  proper  fertilization. 

NORTHERN  CIGAR  TOBACCO. 

The  grade  of  tobacco  used  to  wrap  a  cigar  for  domestic  purposes  is 
quite  difierent  from  that  suitable  for  the  filler.  Theoretically  the 
wrapper  leaves  are  the  best  on  the  plant,  the  binders  are  second  quality, 
while  all  the  other  leaves  are  used  for  filler  puri>oses.  The  one  plant, 
therefore,  is  supposed  to  produce  the  filler,  binder,  and  wrapper  for  the 
complete  cigar.  As  a  matter  of  fact,  this  is  seldom  satisfactorily  accom- 
plished with  the  same  plant  except  in  Cuba  and  our  Southern  States. 
In  the  Korthern  tobacco  States  a  plant  which  will  produce  a  good 
wrapper  leaf  does  not,  as  a  rule,  make  a  very  good  filler.  Good  domes- 
tic wrapper  leaf  is  worth  anywhere  from  four  to  twenty  times  as  much 
per  pound  as  a  filler  leaf,  but  as  the  filler  leaf  is  grown  on  heavier  soil, 
with  closer  planting,  the  yield  per  acre  is  much  larger  and,  as  the  cul- 
tivation and  treatment  of  the  tobacco  is  less  expensive,  the  return  per 
acre,  even  at  the  low  price  per  pound  at  which  it  is  sold,  can  be  made 
as  profitable  as  the  wrapper. 

The  Pennsylvania  filler  is  seldom  wrapped  now  with  its  own  leaf.  It 
is  wrapped  with  either  a  Cuban,  Sumatra,  Connecticut  Valley,  or  Wis- 
consin wrapper.  A  Connecticut  wrapper  seldom  wraps  its  own  leaves, 
but  is  used  on  a  Cuban,  Pennsylvania,  Ohio,  or  Wisconsin  filler.  The 
present  prevailing  grade  in  the  Connecticut  Valley  is  a  wrapper  leaf, 
the  second  quality  being  used  as  a  binder.  In  Pennsylvania  at  the 
present  time  the  quality  is  a  filler  leaf,  except  on  the  river  lands,  where 
a  light,  thin-textured  leaf  is  produced,  which  makes  wrappers  of  a 
superior  quality.  The  New  York  lands  produce  a  good  tyx>e  of  wrap- 
per, and  the  crop  at  present  is  mainly  a  wrapper  and  binder  grade. 
The  Ohio  tobacco  is  essentially  a  filler,  and  is  covered  with  a  Cuban, 
Sumatra,  Connecticut  Valley,  or  Wisconsin  wrapper.  The  tobacco 
lands  of  Wisconsin  appear  to  be  nearly  an  average  of  the  other  States, 
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and  to  produce  in  nearly  equal  excellence  a  wrapper  and  a  fillei  leaf. 
It  is  commonly  called  a  binder  State. 

THE  CONNECTICUT  VALLEY  SOILS. 

The  tobacco  soils  of  the  Connecticut  Yalley  are  confined  at  present 
to  the  light,  alluvial,  sandy  terraces  and  plains  bordering  the  Connect- 
icut Biver  from  northern  Massachusetts  down  to  within  a  few  miles  of 
the  Sound.  These  soils  are  the  general  type  of  the  early  truck  soils  of 
the  Atlantic  coast.  As  a  rule  the  lighter  the  texture — that  is,  the  less 
clay  they  contain — the  thinner  the  texture  of  the  tobacco  leaf  and 
the  more  elastic,  pliable,  and  better  the  wrapper  it  will  make.  The 
yield  per  acre,  however,  on  these  very  light  soils  is  very  small,  and  the 
care  necessary  to  keep  the  plant  growing  and  to  protect  it  from  the 
occasional  drought  is  expensive^  so  that  there  is  a  limit  of  profitable 
production.  On  these  light  soils  the  plant  must  be  kept  growing  at 
all  hazards;  for  if  the  growth  is  retarded  by  too  great  a  deficiency  of 
water  at  any  time,  the  plant  will  be  small  and  the  leaves  thick  and 
harsh.  With  continuous  and  rapid  growth,  such  as  is  secured  on  these 
soils  in  favorable  seasons,  the  leaf  is  of  very  thin  texture,  silky,  pliable, 
light  colored,  and  admirably  adapted  for  a  cigar  wrapper.  Unques- 
tionably some  form  of  irrigation  could  be  profitably  adopted  on  these 
soils.  It  is  the  experience  in  Florida  that  if  the  plant  can  be  kept 
growing  by  frequent  rains  or  by  judicious  irrigation,  the  maturity  of 
the  crop  can  be  greatly  hastened ;  so  that  the  growing  season  is  only 
about  half  as  long  as  it  would  be  under  unfavorable  weather  conditions. 
Every  possible  means  should  be  taken  to  secure  a  continuous  growth, 
and  any  check,  however  slight  it  may  seem,  must  be  regarded  as  a 
positive  injury  to  the  quality  of  the  product  if  it  is  to  be  used  as  a 
wrapper  leaf.  The  wrapper  should  have  little  body  and  but  little 
flavor. 

The  binder  is  a  low-grade  wrapper  which,  from  its  quality  or  appear- 
ance or  both,  is  not  suitable  for  the  outside  covering  of  the  cigar. 

The  filler  leaf,  being  worth  much  less  per  pound  than  the  wrapper,  is 
too  often  neglected  in  this  country,  and  when  cured  is  but  little  better 
than  dried  leaves  or  has  a  very  rank,  strong  flavor.  This  is  a  very  great 
mistake,  as  the  filler,  forming  the  main  bulk  of  the  cigar,  should  give  it 
character  and  flavor.  Too  much  care  and  attention  could  not  be  given 
to  the  growing  and  fermenting  of  the  filler  leaf,  were  it  not  for  the  fact 
that  the  market  demands  a  good-looking  cigar  above  all  else.  The 
quality  is  a  very  much  smaller  factor  in  determining  the  market  value. 
The  filler  should  always  be  a  leaf  of  good  body  and  much  stronger  and 
richer  in  its  flavor  than  the  present  type  of  wrapper.  The  rich,  heavy 
clay  soils  of  Pennsylvania  and  Ohio  are  admirably  adapted  to  produce 
a  rich,  heavy  filler  leaf.  Unfortunately,  the  methods  of  curing  and 
fermentation  are  not  so  controlled  as  to  develop  the  best  quality  of  the 
leaf,  as  is  done  in  Cuba. 
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The  tobacco  soils  of  the  Gonnecticat  Valley,  both  in  Massachusetts 
and  in  Gonnecticat,  contain  on  the  average  considerably  less  than  5 
per  cent  of  clay.  These  soils  are  too  light  in  texture  for  any  of  the 
staple  farm  crops.  They  are  adapted  to  the  quick-growing  spring 
vegetables,  but  are  not  used  to  any  great  extent  for  these  crops, 
except  immediately  around  the  cities  and  larger  towns.  The  condi- 
tions seem  to  be  i>eculiarly  adapted  to  this  particular  grade  of  wrapper 
leaf  tobacco. 

It  must  not  be  forgotten,  however,  that  fashion  has  much  to  do  in 
the  consumption  of  cigars.  Just  at  present  the  demand  is  for  light 
wrappers  and  mild-smoking  cigars.  A  few  years  ago  the  demand  was 
for  heavier  cigars,  and  these  light  soils  of  Gonnecticut  had  little  or  no 
value  then  for  tobacco  and  were  lying  out  as  wast«  land.  At  that  time 
the  tobacco  was  grown  mainly  on  the  heavier  soils  and  on  the  ^^  meadow 
lands  "  of  the  Gonnecticut  Yalley .  These  meadow  lands  are  very  reten- 
tive of  moisture  and  contain  upward  of  23  to  27  per  cent  of  moisture, 
while  the  finest  types  of  tobacco  land  in  the  Gonnecticut  Valley  con- 
tain only  about  7  per  cent.  These  meadow  soils  are  therefore  not 
used  for  tobacco  at  present,  but  if  in  the  course  of  events  the  style 
should  change  aud  dark  wrappers  come  into  vogue,  these  lands  will 
again  be  taken  up  and  the  present  tobacco  lands  will  have  to  be 
abandoned  or  used  for  other  crops. 

PENNSYLVANIA  CIGAB  TOBACCO  LANDS. 

The  tobacco  soils  of  Pennsylvania  are  confined  mainly  to  a  compara- 
tively narrow  belt  bordering  the  Susquehanna  Eiver  and  to  the  broad 
expanse  of  limestone  soils  typically  developed  in  York  and  Lancaster 
counties. 

The  better  class  of  tobacco  lands  in  Pennsylvania,  and  those  which 
produce  by  far  the  finest  wrapper  leaf,  are  the  light,  alluvial  soils  along 
the  river,  similar  in  texture  to  the  tobacco  soils  of  the  Gonnecticut 
Valley.  The  main  crop,  however,  of  the  Pennsylvania  tobacco  has 
been  grown  on  the  limestone  soils  of  York  and  Lancaster  counties. 
These  are  a  continuation  of  the  great  limestone  valley  extending  down 
Ihrongh  Maryland  and  Virginia  and  to  the  great  area  of  the  Trenton 
limestone  formation  in  Ohio  and  Kentucky,  forming  the  great  blue 
grass  region  of  these  States  upon  which  the  White  Burley  tobacco  is 
at  present  grown. 

This  limestone  soil,  as  it  is  exposed  in  the  tobacco  districts  of  Penn- 
sylvania, is  a  strong  clay  soil,  well  adapted  to  grass,  wheat,  and  com. 
It  forms  one  of  the  most  productive  areas  in  the  State  of  Pennsylvania, 
and  in  this  respect  it  is  markedly  different  from  the  tobacco  lands  of 
the  Gonnecticut  Valley.  There  is  considerable  variety  in  the  texture 
of  the  soils,  as  the  limestone  itself  is  not  pure,  but  is  mixed  with  shale. 
The  amount  of  clay,  therefore,  in  these  Pennsylvania  lands  varies  from 
about  13  per  cent  in  the  river  soils  and  in  the  very  shaly  limestone 
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soils  to  about  30  per  ceut  on  the  average  in  the  pure  limestone  soils. 
The  former  grade  of  soils  is  preferred  just  at  present  to  the  very  heavy 
ones,  as  they  produce  a  better  grade  of  wrapper  leaf.  By  proper  culti- 
vation, close  planting,  and  especially  by  proper  fermentation  and  grad- 
ing of  the  leaf,  the  quality  of  the  tiller  grown  on  the  heavy  limestone 
soils  could  unquestionably  be  greatly  improved. 
These  soils  maintain  about  20  to  22  per  cent  of  water. 

OHIO  OiaAR  TOBACCO  LANDS. 

The  cigar  tobacco  district  of  Ohio  is  situated  in  the  southwestern 
part  of  the  State  and  includes  the  country  bordering  the  Miami  Eiver, 
Montgomery,  Darke,  and  Preble  counties  forming  the  center  of  the 
district.  The  Miami  Valley,  in  the  tobacco  area,  is  from  2  to  5  miles 
wide,  level,  and  extremely  fertile.  Bordering  the  valley  are  upland 
rolling  hills.  Broad  terraces  extend  back  from  the  river  in  a  number 
of  places,  giving  second  bottoms,  beyond  which  come  the  great  rolling 
red  lands  upon  which  tobacco  is  raised  with  great  success.  These 
soils  are  well  drained,  with  numerous  streams  flowing  out  from  between 
hills.  Farther  back  on  the  level  ])rairies  the  land  is  inclined  to  be  wet 
and  needs  thorough  underdraining  to  be  profitably  cropped.  Through- 
out the  whole  tobacco  area,  underdrainage  is  practiced  to  a  large 
extent. 

The  soil  is  derived  from  drift  material  which  has  been  worked  over 
and  modified  by  subsequent  action  of  water.  The  underlying  rock  is 
the  Lower  Silurian  limestone  shale,  but  it  forms  no  feature  of  the  sur- 
face, as  it  is  covered  by  the  drift  material.  There  is  quite  a  variety  in 
the  character  of  the  soil,  owing  to  the  heterogenous  nature  of  the  mate- 
rial from  which  it  has  been  derived.  The  bottom  soils  are,  as  a  rule, 
much  lighter  in  character  than  the  upland  soils.  The  second  and  third 
bottoms,  in  cases  where  they  occur,  are  level  terraces.  The  soils  vary 
much,  the  black  prairie  soil  and  the  red  silty  soil  predominating.  The 
soils  of  the  rolling  uplands  are  more  uniform  in  character.  The  timber 
is  mainly  sugar  tree,  and  on  this  sugar-tree  land  the  finest  grade  of 
tobacco  is  produced.  The  sugar-tree  soil  is  a  thin,  uniform,  silty  soil, 
with  red  clay  or  silty  subsoil.  The  lower  levels  of  this  upland  contain 
considerable  areas  of  black  land,  which  is  considered  the  best  land  in 
the  district  for  general  agricultural  purposes,  but  which  produce  too 
heavy  a  leaf  and  one  of  poor  flavor,  so  that  it  is  not  desirable  for  tobacco 
culture.  Wheat,  corn,  hay,  and  tobacco  constitute  ttie  staple  crops  of 
the  district,  although  on  the  sandy  river  lands  truck  and  ftuit  growing 
are  carried  on  to  a  large  extent. 

Three  types  of  cigar  leaf  are  raised  in  this  district.  The  most  popu- 
lar at  present  is  the  Zimmer  Spanish.  This  has  small  leaves  about  12 
inches  long,  of  very  fine  texture  and  flavor.  It  produces  about  1,000 
pounds  -per  acre.  The  old  Ohio  seed  leaf  is  a  very  large,  heavy  leaf, 
20  inches  or  more  in  length,  and  produces  from  1,500  to  2,000  pounds 
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per  acre.  This  is  little  grown  iu  the  district  at  the  present  time.  The 
Little  Datch  has  a  thick,  short,  narrow  leaf  which  produces  about  1,200 
X>ouuds  per  acre  and  was  at  one  time  very  extensively  grown.  These 
tobaccos  are  grown  almost  exclusively  for  filler  purposes,  and  the  soils 
have  a  large  percentage  of  silt. 

WISCONSIN  TOBACCO  SOILS. 

The  Wisconsin  tobacco  is  used  both  as  a  wrapper  and  filler  leaf  to 
some  extent,  but  the  State  is  known  in  the  markets  as  a  binder  State. 
The  character  of  the  leaf  is  midway  between  the  Connecticut  wrapper 
and  the  Pennsylvania  filler. 

The  tobacco  is  grown  in  the  southern  part  of  the  State  on  the  prairies 
and  oak  openings.  The  prairies  are  a  dark,  rich  loam,  resting  on  a 
rather  heavy  silt  or  clay.  The  oak  openings  have  a  loam  lighter  in 
color  but  about  the  same  in  texture.  Both  are  gently  rolling  and,  as  a 
rule,  have  good  surface  and  under  drainage.  In  texture  the  Wisconsin 
lands  come  between  the  Connecticut  and  the  heavier  limestone  soils  of 
Pennsylvania. 

SOUTHBRN  CIGAR  TOBACCO  DISTRICTS. 

Tobacco  has  been  grown  for  many  years  in  Florida,  especially  in  the 
western  part  of  the  State.  The  tobacco  grown  there  is  mainly  the 
Cuban  type  of  cigar  wrapper  and  filler,  with  some  Sumatra  lately  intro- 
duced. The  recent  scarcity  of  Havana  tobacco  has  given  a  great 
impetus  to  the  cultivation  of  the  crop  iu  Florida,  and  very  extensive 
arrangements  have  been  made  to  introduce  it  to  a  large  extent  in  the 
central  part  of  the  peninsula. 

WESTEBN  FLOBIDA. 

The  soils  of  the  older  Gadsden  County  district  in  the  western  part 
of  the  State  are  very  diflferent  from  any  others  which  occur  in  Florida. 
They  are  the  characteristic  "rod-land''  soil  of  the  Lafayette  formation, 
similar  to  those  found  at  Wedgefield  and  Aiken,  S.  C,  which  extend 
south  through  Georgia  and  form  some  of  the  western  counties  of  Florida, 
with  Quincy  as  a  center.  The  soil  is  a  light  loam  resting  on  a  very 
strong  red  clay.  The  clay  is  exposed  in  all  cuts  and  in  the  washings  of 
the  land,  and  is  usually  found  from  8  to  18  inches  below  the  surface. 
The  country  is  quite  rolling,  well  wooded  with  hard  wood  trees,  and  in 
the  early  spring  it  has  the  fresh  green  appearance  of  the  country  in  the 
Valley  of  Virginia  and  in  the  tobacco  area  of  Pennsylvania. 

Both  the  Cuban  and  Sumatra  types  of  tobacco  are  grown  here,  and 
both  are  used  for  wrappers  as  well  as  fillers.  Unlike  the  imported 
Sumatra  tobacco,  the  tobacco  grown  in  Florida  from  Sumatra  seed 
loses  much  of  its  bitter  taste,  while  the  sucker  crop  and  inferior  leaves 
are  cured  up  with  more  body  and  are  much  better  adapted  to  filler 
purposes. 
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The  season  is  so  loDg  that  two  crops  of  tobacco  can  be  piodnced  in 
the  same  year,  or  two  or  three  sucker  crops  can  be  grown  after  the 
main  catting  has  been  taken.  The  sacker  crop  is  stronger,  heavier, 
and  darker,  and  is  used  only  as  a  filler. 

The  top  soil  is  a  light  loam  resting  on  a  red-clay  subsoil,  and  the 
character  of  the  land  as 'a  tobacco  soil  depends  largely  upon  the  character 
of  the  red-clay  subsoil  and  its  depth  below  the  surface.  These  lands 
maintain  on  an  average  only  about  8  or  10  per  cent  of  moisture,  against 
20  to  22  x>er  cent  maintained  by  the  Pennsylvania  and  the  Ohio  lands. 

THE  FLORIDA  PENINSULA. 

Ontside  of  this  area  in  western  Florida  most  important  developments 
have  recently  been  made  around  Ocala,  Bartow,  and  Fort  Meade.  At 
Fort  Meade,  particularly,  there  is  a  well-organized  company  of  Cubans 
with  a  large  area  in  tobacco.  The  first  crop  was  made  in  1896.  The 
tobacco  was  cured  and  fermented  according  to  the  Cuban  processes, 
and  without  waiting  to  mellow  with  age,  as  is  necessary  to  bring  out 
the  finest  qualities  of  a  tobacco,  the  crop  was  sold  at  Tampa  for  a  very 
satisfactory  price. 

Tobacco  growing  on  the  peninsula  is  essentially  a  new  industry,  and 
comparatively  little  experience  has  been  available  except  what  has 
been  coUected  during  the  season  of  1897.  The  industry  has  been 
developed  principally  upon  the  post-oak  lauds  around  Ocala,  and  upon 
the  hammock  lands  at  Bartow  and  Fort  Meade.  There  are  large  areas 
of  these  soils  in  the  State  which  can  be  developed  through  the  tobacco 
interest,  and  there  is  every  reason  to  believe  that  the  venture  will  be 
very  successful.  There  is  no  reason  to  doubt  that  many  of  the  pine 
lands  are  well  suited  to  tobacco. 

There  is  very  little  difference  in  the  texture  of  the  post-oak  lands, 
the  hammock  lands  at  Fort  Meade,  and  the  pine  lands.  The  difference 
in  the  soil  which  causes  the  distribution  in  the  forest  growth  appears 
to  be  mainly  due  to  the  difference  in  the  water  content  of  the  soils. 
The  soils  are  all  very  light  and  sandy.  They  contain  on  an  average 
less  than  4  per  cent  of  clay  and  less  than  6  per  cent  of  silt,  fine  silt, 
and  clay.  They  contain  over  50  per  cent  of  "  fine  sand,'^  so  that  they 
are  relatively  rather  coarse  and  open.  Notwithstanding  this  open 
texture  the  hammock  soil  at  Fort  Meade  contains  on  an  average  about 
8  per  cent  of  water  throughout  the  season,  which  is  about  as  much  as 
the  tobacco  lands  of  the  Connecticut  Valley  contain.  This  water  con- 
tent, moreover,  is  for  some  reason  more  uniform,  and  the  land  can  go 
for  some  time  without  rain  with  no  serious  injury  to  the  crops.  N'ever- 
theless  the  planters  have  been  greatly  benefited  by  judicious  systems 
of  irrigation  through  overhead  sprays.  By  thus  keeping  the  plants 
continually  and  rapidly  growing  the  crop  will  mature  in  forty-five  days 
from  the  time  the  plants  are  set  out.  On  account  of  the  length  of  the 
season  tobacco  can  be  grown  almost  continually  through  the  year,  and 
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crops  can  be  set  out  almost  every  month  in  the  year.  Usually  two  or 
three  crops  are  made  and  two  or  three  sucker  crops  are  produced. 
There  is  undoubtedly  a  vast  area  of  land  in  Florida  suited  to  tobacco, 
and  the  climate  is  unquestionably  favorable  for  the  production  of  a 
very  fine  quality  of  leaf.  A  very  intelligent  method  of  growing  and 
fermenting  is  being  practiced,  and  there  is  no  reason  why  the  industry 
should  not  be  successful. 

BRIOHT-TOBACCO  LANDS. 

The  bright  yellow  tobacco  used  for  cigarettes,  plug  wrappers,  fillers, 
and  cutting  is  grown  mainly  in  Virginia,  North  Carolina,  South  Caro- 
lina, and  East  Tennessee.  It  is,  however,  produced  in  smaller  quanti- 
ties in  several  of  the  other  Southern  States.  Wherever  it  is  grown 
the  industry  is  confined  to  a  certain  type  of  soil. 

The  typical  bright-tobacco  land  consists  of  a  loose,  porous  sand,  con- 
taining not  more  than  8  or  10  per  cent  of  clay.  This  sand  must  be  at 
least  12  inches  deep.  Many  areas  are  cultivated  in  whicli  the  sand 
extends  to  a  depth  of  5  or  10  feet  or  more,  and  a  very  fine  quality  of 
tobacco  is  produced.  As  a  general  rule  the  less  clay  the  soil  contains 
and  the  deeper  the  sand,  the  finer  the  quality  of  the  tobacco,  providing 
it  keeps  growing  continuously.  The  trouble  with  such  very  light  soils 
is  that  they  produce  but  a  small  yield  per  acre  and  there  is  danger  of 
drought,  which  would  check  the  growth  of  the  plant  and  cause  the 
leaves  to  thicken.  It  is  for  this  reason,  therefore,  that  it  is  preferred 
to  have  the  sand  underlaid  at  a  depth  of  18  to  22  inches  with  a  heavier 
clay,  which  tends  to  conserve  the  moisture  supply  of  the  soil  and  ren- 
ders the  plant  less  subject  to  the  injurious  effects  of  what  would  other- 
wise prove  a  severe  drought. 

The  clay  which  underlies  the  bright  tobacco  lands  of  Virginia  and 
North  Carolina  is  the  same  as  that  upon  which  the  heavy  manufactur- 
ing and  export  tobacco  is  grown.  Where  this  clay  is  exposed  to  the 
surface  the  heavy  type  of  tobacco  is  produc>ed ;  where  it  is  covered  from 
12  to  20  inches  with  fine-grained  sand  the  bright  tobacco  is  produced 
the  most  profitably.  \ 

The  country  throughout  these  regions  is  generally  quite  rolling,  with 
numerous  ^^  draws,'' or  natural  ditches,  and  streams,  so  that  the  land  is 
well  drained.  The  sandy  covering  is  usually  found  on  the  ridges  or 
slightly  elevated  plateaus,  while  the  heavy  clay  may  be  exposed  within 
a  few  feet,  and  the  two  types  of  tobacco  successfully  grown  in  the 
same  field.  For  this  reason  it  has  never  been  easy  to  define  the  areas 
of  the  two  types  of  tobacco;  for  both  are  grown  in  the  same  counties 
and  frequently  on  the  same  farm. 

The  bright  tobacco  lands  which  have  been  examined  contain,  on  the 
average,  about  8  per  cent  of  clay.  This  is  quite  uniform,  the  extreme 
range  for  profitable  tobacco  culture  being  probably  between  6  and  12 
percent. 
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As  the  relation  of  the  physical  properties  of  the  soil  is  not  thoroughly 
understood  or  practically  recognized  by  the  growers,  a  large  amount  of 
laud  is  now  cultivated  in  bright  tobacco  which  is  not  suited  to  this 
plant  and  which  does  not  produce  a  good  grade.  On  the  other  hand, 
there  are  large  areas  not  at  present  under  cultivation  which  could  be 
developed  into  very  fine  tobacco  lands.  The  typical  bright  tobacco  soil 
is  of  little  value  for  any  of  the  staple  farm  crops,  although,  when  suit- 
ably located  near  transportation  lines,  it  is  admirably  adapted  to  the 
production  of  early  vegetables,  watermelons,  and  sweet  x>otatoes. 

MANUFACTURINa-TOBACCO  LANDS  ON  THE  ATLANTIC. 

Before  the  development  of  the  White  Burley  industry  the  strong 
red-clay  soils  around  Charlottesville,  Lynchburg,  and  Danville,  Va., 
and  in  Granville  and  neighboring  counties  of  !N'orth  Carolina,  were 
extensively  used  for  the  production  of  the  typical  Virginia  manufactur- 
ing and  export  tobacco.  These  areas  are  located  mainly  on  the  gabbro, 
gneiss,  and  Lafayette  clays.  The  material  is  quite  uniform,  the  red 
subsoils  containing  from  30  to  60  per  cent  of  clay.  The  soils  are  very 
productive  and  are  well  suited  to  the  staple  farm  crops,  such  as  grass, 
wheat,  and  corn.  Since  the  introduction  of  the  White  Burley  tobacco, 
however,  there  has  been  a  very  noticeable  decrease  in  the  acreage  in 
Virginia,  especially  of  the  soil  adapted  to  the  heavier  types  of  tobacco, 
and  the  cultivation  of  tobacco  on  these  lands  has  been  almost  abandoned. 
The  industry  is  confined  now  principally  to  small  areas  along  rivers, 
streams,  or  creeks,  and  upon  recent  deposits  which  can  not  well  be 
referred  to  any  of  the  older  geological  formations  and  which  can  not 
well  be  examined  without  a  detailed  examination  of  the  larger  part  of 
the  State. 

The  same  remark  holds  true  in  regard  to  the  tobacco  industry  in 
North  Carolina.  A  great  change  has  taken  place  very  recently,  and 
the  acreage  devoted  to  the  heavier  type  of  tobacco  has  been  considera- 
bly reduced.  These  heavy  clay  lands  are  being  used  for  other  crops, 
and  the  tobacco  is  grown  upon  limited  areas  in  certain  districts  where 
the  quality  of  the  tobacco  produced  is  such  as  to  make  it  reasonably 
profitable.  Here,  again,  it  is  impossible  to  make  any  statement  in 
regard  to  the  tobacco  district  without  making  a  detailed  study  of  the 
soils  of  the  State.  There  seems  to  be  no  general  type  of  soil.  The 
toba<;co  grown  upon  the  soil  which  was  formerly  cultivated  most  exten- 
sively is  no  longer  profitable. 

WHITE  BURLET  LANDS  OF  KENTUCKY  AND  OHIO. 

The  White  Burley  tobacco  is  confined  to  the  well-marked  type  of  soil 
of  the  Lower  Silurian  limestone  in  central  and  north  central  Kentucky 
and  the  a^acent  counties  of  Ohio.  This  embraces  the  blue-grass 
region  of  Kentucky,  and  it  is  upon  these  fine,  fertile,  blue-grass  soils 
that  the  White  Burley  is  grown. 

The  country  has  the  general  appearance  of  an  old  limestone  region^ 
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generally  rolling  and  with  frequent  depressions,  sinks,  and  caves.  The 
hills,  400  to  500  feet  high,  bordering  the  Ohio  River  and  extending 
from  6  to  10  miles  back,  are  generally  steep,  and  fields  are  often  culti- 
vated in  tobacco  with  slopes  as  great  as  45  degrees.  The  valleys  are 
narrow,  winding,  and  V-shaped,  and  no  bottom  lands  are  found  except- 
ing along  the  larger  rivers  and  streams.  The  country  back  from  the 
hills  on  the  Ohio  side  is  generally  rolling.    The  drainage  is  excellent. 

The  tobacco  lands  on  the  Ohio  side  are  all  within  the  hills  on  the 
Ohio  River  and  confined  to  two  kinds  of  soil,  popularly  known  as  the 
"  sugar-tree  land  "  and  *'  beech  land."  The  beech  lands  lie  low  in  the 
valley  and  are  inclined  to  be  wet,  and  do  not  produce  the  finest  quality 
of  leaf.  The  sugar-tree  lands  lie  well  up  in  the  valleys  and  are  consid- 
ered the  typical  White  Burley  soil.  Back  from  the  hills  in  Ohio  the 
soil  be<K>me8  white,  wet,  and  "  crawflshy  "  and  does  not  produce  a  fine 
quality  of  Burley.  These  flat  lands  are  of  drift  origin,  timbered  with 
white  oak,  and  usually  need  to  be  underdrained  in  order  to  produce 
well. 

In  Kentucky  the  tobacco  area  is  confined  to  the  Ti*enton  and  Hudson 
Eiver  limestones.  Phosphatic  limestone  is  frequently  met  with,  whDe 
chert  occurs  only  sparingly  through  the  area. 

The  soils  are  all  heavy  clay  of  a  uniform  deep  red  color.  The  depth 
of  the  soil  varies  considerably,  the  rocks  outcropping  in  many  places, 
esi^ecially  on  the  hillsides.  Around  Lexington  the  rock  is  on  the 
average  about  6  feet  below  the  surface,  while  in  the  northern  counties 
it  is  at  a  greater  depth  than  this.  The  top  soil  is  of  light,  loamy  char- 
acter, not  inclined  to  form  into  clods  when  properly  cultivated.  The 
soil  is  adapted  to  grass,  wheat,  and  corn,  and  has  made  famous,  the 
world  over,  the  blue-grass  region  of  Kentucky.  The  subsoil  contains 
on  an  average  about  30  per  cent  of  clay  and  maintains  about  20  to  22 
-pev  cent  of  water. 

BXPORT-TOBACCO  LANDS  OF  KBNTUCKT  AND  TENNESSED. 

The  dark,  heavy  varieties  of  tobacco  adapted  to  the  export  trade  are 
extensively  grown  in  western  Kentucky  and  Tennessee  on  silty  soils 
which  are  quite  fertile  in  character.  The  whole  area  is  divided  into  a 
number  of  districts,  such  as  Clarksville,  Hopkinsville,  Jackson's  Pur- 
chase, and  the  Green  River  district,  but  the  character  of  the  soil  is 
quite  uniform  in  all  of  these;  the  class  of  tobacco  grown  is  generally 
the  same.  In  each  district  the  types  of  tobacco  adapted  to  the  foreign 
markets  are  grown,  the  types  appearing  to  depend  less  upon  the  char- 
acter of  the  soil  than  upon  the  character  of  the  season,  the  cultivation, 
and  curing  of  the  crop. 

The  general  character  of  the  country  is  level  or  gently  rolling,  with 
broken  and  hilly  country  along  the  large  water  courses.  Much  of  this 
land  was  formerly  devoid  of  forest  growth  and  called  barrens.  It  was 
a  prairie  region,  with  trees  only  along  the  water  courses,  and  prairie 
fires  are  supposed  to  have  annually  swept  over  the  country.  Since  the 
3517— 2!^o.  83 2 
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country  has  become  settled  and  the  large  fires  prevented  a  loxoriant 
forest  growth  of  hickory  and  oak  has  covered  the  land. 

The  counties  of  Kentucky  bordering  the  Tennessee  line  are  generally 
level,  with  occasional  stretches  of  rugged  country  along  the  water 
courses,  but  with  a  soil  of  quite  uniform  texture.  The  southern  boun- 
dary of  the  tobacco  area  is  the  Cumberland  Biver,  while  the  northern 
boundary  is  the  Carboniferous  hills  of  Kentucky.  The  tobacco  district 
stretches  around  these  hills,  following  the  Subcarboniferous  strata  as 
far  as  the  Ohio  Eiver  on  either  side. 

The  soils  are  mainly  derived  from  the  St.  Louis  group  of  the  Subcar- 
boniferous, which  are  mainly  limestone.  The  disintegrated  material  is 
so  thick,  that  the  rock  is  seldom  exposed  except  where  the  material 
has  been  recently  eroded.  The  drainage  is  excellent,  and  numerous 
sinks  and  caves  are  found  through  the  country.  The  soil,  whether 
upland  or  bottom,  level  or  hilly,  is  usually  of  a  decided  silty  character, 
closely  approaching  loess  in  texture.  The  subsoil  has  a  typical  bright 
red  color,  which  extends  to  a  considerable  depth.  Where  this  red 
color  changes  to  a  pale  yellow  or  white  the  land  becomes  "crawflshy,^ 
and  can  be  profitably  cultivated  only  after  under-drainage.  The  lack 
of  color  indicates  a  deficient  drainage  within  recent  times,  and  is  due 
to  the  deoxidation  of  the  iron  compound  in  the  decay  of  organic  mat- 
ters and  the  absence  of  sufficient  oxygen  from  other  sources  to  provide 
for  the  proper  oxidation  of  the  organic  matter. 

These  soils  contain  on  an  average  about  50  per  cent  of  silt.  The 
range  is  from  about  40  to  60  per  cent,  some  samples  exceeding  even 
this  latter  figure.  With  all  such  silty  soils  great  care  has  to  be  taken 
in  their  cultivation.  They  are  naturally  quite  fertile,  but  deteriorate 
very  rapidly  and  excessively  unless  the  fertility  is  maintained  by 
judicious  methods  of  cultivation  and  of  cropping.  Many  of  these 
tobacco  soils  have  been  run  down  with  constant  cropping  in  tobacco, 
but  some  of  the  worst  cases  have  recently  been  brought  up  by  rotation 
with  wheat,  corn,  and  clover,  together  with  a  judicious  application  of 
fertilizers,  especially  phosphatic  manures.  The  value  of  careftd  tillage 
is  becoming  more  apparent  in  the  whole  area,  and  it  is  generally  recog- 
nized now  that  the  quality  of  the  tobacco  and  the  price  it  brings  on  the 
market  can  be  very  materially  influenced  by  the  kind  and  condition  of 
the  cultivation. 

The  soilsof  the  Lower  Green  Biver  district  lie  within  the  Carboniferous 
strata  along  the  Green  Biver,  and,  although  these  are  underlaid  with 
sandstone,  the  soil  proper  presents  the  uniform  silty  character  of  the 
other  export-tobacco  districts. 

The  Jackson's  Purchase  region,  lying  between  the  Tennessee  and 
Mississippi  rivers,  is  made  up  mainly  of  loess  and  loam,  and  has  the 
same  silty  character  as  the  other  districts  and  produces  essentially  the 
same  type  of  tobacco. 

The  accompanying  diagram  illustrates  graphically  the  relative  pro* 
I)ortion  of  the  sand,  silt,  and  day  in  the  soil  adapted  to  different  classes 
and  types  of  tobacco,  and  shows,  upon  careful  study,  a  marked  relation 
between  the  texture  of  the  soil  and  the  grade  of  tobacco  produced. 
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THE  WATEE  COirrENT  OF  TOBACCO  SOUS. 

The  amount  of  water  a  soil  contains  depends  largely  npon  the  tex- 
ture and  structure,  and  is  influenced,  of  course,  by  the  character  of  the 
season.  It  varies  from  day  to  day,  and  these  variations  are  exceed- 
ingly important  in  their  effects  upon  the  crop. 

WATER  IN  THE  NORTHERN  CIOAR-TOBACCO  SOILS. 

Tobacco  soils  of  the  best  grade  in  the  Connecticut  Valley  maintain 
on  an  average  about  7  per  cent  of  water  throughout  the  season.  There 
are  many  soils  cultivated  in  tobacco  which  average  10  or  12  per  cent, 
but  these  do  not  produce  a  tobacco  leaf  of  the  finest  texture  and  most 
desirable  quality  for  the  present  market.  On  the  other  hand,  there  are 
soils  cultivated  in  tobacco  which  maintain  less  water  than  this,  and 
while  in  favorable  seasons,  when  the  tobacco  is  kept  constantly  grow- 
ing, they  produce  a  very  fine  and  delicate  leaf,  it  is  not  on  the  whole  a 
safe  or  economical  condition  under  which  to  grow  the  plant,  on  account 
of  the  small  yield  per  acre  and  the  injury  liable  to  occur  in  dry  seasons. 
The  meadow  lands  of  the  Connecticut  Valley,  which  were  formerly  culti- 
vated in  tobacco  when  a  dark  heavy  leaf  was  in  demand,  contain  on  an 
average  from  20  to  28  per  cent  of  water.  As  already  stated,  these  soils 
are  entirely  unfit  for  the  production  of  the  grade  of  tobacco  necessary 
to  meet  the  present  market  demands. 

The  tobacco  soils  of  Pennsylvania,  as  already  explained,  are  heavier 
than  those  of  the  Connecticut  Valley  and  maintain  on  an  average  about 
18  to  22  per  cent  of  water. 

Soils  which  produce  the  best  wrapper  leaf  in  Pennsylvania  are  those 
which  have  the  lightest  texture  and  contain  the  smallest  water  content, 
while  the  heaviest  limestone  soils  maintain  on  an  average  22  to  23  per 
cent  of  water  and  produce  mainly  a  heavy  strong  filler  leaf. 

The  soils  of  the  tobacco  district  of  Ohio  are  as  heavy  in  texture  as 
the  limestone  tobacco  lands  of  Pennsylvania.  They  maintained  on  an 
average  during  the  season  of  1897  rather  more  than  27  per  cent  of  water, 
but  this  was  a  wet  season.  It  is  probable  that  the  mean  water  content 
of  these  soils  in  an  average  season  would  amount  to  about  23  to  24  per 
cent  of  water.  The  tobacco  grown  under  these  conditions  is  used  almost 
exclusively  as  a  filler  leaf. 

It  is  unquestionably  true  that  the  texture  of  the  soil  and  the  meteor- 
ological conditions,  with  the  resultant  water  content,  determine  to  a 
marked  extent  the  character  and  grade  of  leaf  which  can  be  produced. 
In  this,  as  in  all  other  agricultural  lines,  the  aim  should  be  to  recognize 
the  conditions  and  adopt  the  crop,  the  method  of  cultivation  or  fermen- 
tation, and  the  grade  of  leaf  which  those  conditions  are  best  adapted  to 
produce.  If  the  general  character  of  the  soil  in  a  locality  is  adapted 
to  the  wrapper  leaf,  use  only  such  soils  as  may  be  reasonably  exi)ected 
to  give  the  best  wrapper  lea£    If,  on  the  contrary,  the  soils  of  the  dis- 
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trict  are  adapted  only  to  filler  leaf^  use  only  sach  of  the  soils  as  are 
best  adapted  to  this  grade,  and  plant,  cnltivate,  manure,  and  ferment 
the  crop  for  the  specific  purpose  of  producing  a  filler  leaf  of  superior 
quality.  Most  of  the  tobacco  soils  of  the  Northern  States  will  not  pro- 
duce equally  good  fiUers  and  wrappers. 

"WATER  IN  THB  FLORIDA  TOBACCO  SOILS. 

Records  have  been  kept  during  several  seasons  of  the  moisture 
conditions  in  the  soils  of  the  Oadsden  County  district  of  west  Florida 
and  of  the  newer  tobacco  district  of  Fort  Meade,  in  the  peninsula.  The 
mechanical  analyses  showed  that  the  tobacco  land  in  western  Florida 
consisted  of  a  light  loam,  about  12  inches  deep,  resting  on  a  heavy  red 
clay,  which  is  naturally  well  drained.  The  hammock  soil  of  Fort  Meade 
is,  on  the  other  hand,  a  very  light  sandy  soil,  extending  down  to  a  very 
considerable  depth.  Both  soils  produce  a  hard  wood  growth.  Strange 
to  say,  in  spite  of  the  great  difference  in  the  texture  of  the  subsoil,  the 
soils  of  these  two  localities  maintain  about  the  same  amount  of  mois- 
ture. The  average  water  content  of  the  soil  at  Fort  Meade,  for  a 
period  of  four  months,  in  1897,  was  8.6  per  cent,  while  the  mean  water 
content  of  the  soil  at  Quincy  for  the  same  time  was  8.26  per  cent.  It 
is  a  surprising  thing  to  find  that  these  soils  maintain  about  the  same 
amount  of  water,  but  this  is  in  line  with  the  general  facts  that  the 
hammock  soils  of  Florida  maintain  very  much  more  water  than  would 
be  exx)ected  from  their  texture,  or  than  is  maintained  by  soils  of 
similar  texture  farther  north  along  the  Atlantic  coast. 

No  records  have  been  kept  of  the  moisture  conditions  in  the  tobacco 
soils  of  Texas  or  of  California,  and  unfortunately  none  have  been  kept 
in  the  tobacco  soils  of  Sumatra  and  Cuba. 

"WATER  IN  THE  SOILS  OF  THE  MANUFACTURINO  A2TD  EXPORT 
TOBACCO  DISTRICTa 

As  in  the  northern  cigar-tobacco  district,  it  will  be  seen  that  the 
texture  of  the  soil  and  the  water  content  appear  to  determine  the  type 
of  tobacco  produced.  The  typical  soils  for  the  bright  yellow  tobacco  of 
Virginia,  North  Carolina,  and  East  Tennessee  maintain  on  an  average 
about  7  per  cent  of  water.  Where  the  soils  contain  less  than  this  the 
leaf  is  inclined  to  be  thinner  in  texture  and  to  have  a  better  color,  but 
the  yield  per  acre  is  small,  and  the  most  economical  conditions  on  the 
whole  are  maintained  by  these  soils  having  from  7  to  8  per  cent  of  clay 
and  maintaining  on  an  average  about  7  or  8  per  cent  of  water.  As  the 
soil  becomes  heavier  in  texture  and  the  amount  of  water  increases,  other 
grades  and  types  of  tobacco  are  produced. 

The  export  tobacco  lands  of  Kentucky  and  Tennessee  contain  about 
22  or  23  per  cent  of  clay  and  from  40  to  60  per  cent  of  silt.  These 
soils  contain  on  an  average  about  15  per  cent  of  water. 
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The  characteristic  soil  of  the  limestoDe  area  of  Kentacky^  adapted  to 
the  White  Burley  tobacco,  as  the  result  of  several  years'  investigation, 
may  be  said  to  maintain  on  an  average  abont  20  per  cent  of  water. 

Hecords  have  not  been  kept  of  the  water  content  of  the  manuflEM^ 
turing  tobacco  soils  of  Virginia,  bnt  from  investigations  which  have 
been  made  on  adjacent  lands  it  is  probable  that  the  mean  water  con- 
tent of  these  soils,  having  as  much  as  40  x>er  cent  of  clay,  will  not  be 
far  from  20  or  22  per  cent  of  moisture, 

CONTROL  OF  THE  "WATER  SUPPLY  OF  THE  SOIL. 

It  is  evident  from  the  work  that  has  been  done  in  the  Division  of 
Soils  that  the  peculiar  adaptation  of  certain  soils  to  certain  types  of 
tobacco  is  largely  dependent  upon  the  relation  of  the  soils  to  water 
and  the  amount  of  water  they  maintain.  The  great  difference  in  the 
water  content  of  soils  adapted  to  the  different  types  of  tobacco  has 
been  x>ointed  out.  Tobacco  of  a  given  quality  can  only  be  grown 
economically  where  the  conditions  are  adapted  to  it,  but  these  condi- 
tions are  liable  to  vary  in  any  soD  throughout  the  season.  It  therefore 
becomes  necessary  in  order  to  secure  the  best  results  to  maintain  some 
control  over  the  water  supply  of  the  soil,  in  order  to  keep  the  conditions 
as  nearly  perfect  as  possible  throughout  the  season.  Much  can  be  done 
to  control  the  water  supply  through  methods  of  preparing  the  land  and 
of  cultivating  the  crop,  as  has  been  pointed  out  in  several  bulletins  of 
the  Division  of  Soils  and  in  numerous  publications  from  other  sources. 

The  farmer  should  select  the  type  of  tobacco  best  suited  to  his  local- 
ity and  to  the  peculiar  soil  conditions  with  which  he  has  to  work,  and 
should  adopt  such  methods  of  cultivation  as  will  maintain  as  nearly  as 
possible  the  best  conditions  for  the  quality  of  leaf  it  is  proposed  to  raise. 
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FARMERS'   BULLETINS. 

These  bnlletiDS  are  sent  Aree  of  charge  to  any  address  apon  application  to  the 
Secretary  of  Agrionltore,  Washington,  D.  C.  Only  the  toUowing  are  available  for 
distribntion : 

Mo.  10.  Legnmlxioiu  PUnta  for  Green  M»naring  and  for  Feeding.  Pp.  24.  No.  10.  ImportMit  Inseo- 
ticidee:  Directions  for  Their  Preparation  and  Use.  Pp.  20.  No.  21.  Barnyard  Manure.  Pp.  82.  flgs. 
7.  No.  22.  The  Feeding  of  Farm  Animals.  Pp.82.  No. 28.  Foods:  Nutritive  Value  and  Cost  Pp. 
32,  charts 2.  No. 24.  Hog  Cholera  and  Swine  Plague.  Pp.10.  Na2S.  Peanuts:  Culture  and  Uses. 
Pp.24,  fig.  1.  No. 20.  Sweet  Potatoes:  Culture  and  Uses.  Pp. 30, flgs.  4.  No.  27.  Flax  for  Seed  and 
Fiber.  Pp.10.  No.  28.  Weeds:  and  How  to  KiU  Them.  Pp.  32,  flgs.  11.  No. 20.  Souring  of  Milk, 
and  Other  Changes  in  Milk  Products.  Pp.  23.  No.  80.  Grape  Diseases  on  the  Pacific  Coast.  Pp.  16, 
figs. 3.  No.  31.  Alfalfa,  or  Lncem.  Pp.24,  figs. 8.  No. 32.  Silos  and  Silage.  Pp.  32, figs.  10.  No.  33. 
Peach  Growing  for  Market.  Pp.  24,  figs.  21.  No.  84.  Meato:  Composition  and  Cooking.  Pp.  20, 
figs.  4.  No.  35.  Potato  Culture.  Pp.  28,  figs.  3.  No.  80.  Cotton  Seed  and  Its  Products.  Pp.  10.  No. 
37.  Kafir  Com:  Characteristics,  Culture,  and  Uses.  Pp.  12,  fig.  1.  No.  38.  Spraying  for  Fruit 
Diseases.  Pp.  12,  figs.  0.  No.  30.  Onion  Culture.  Pp.  31,  figs.  3.  No.  40.  Farm  Drainage.  Pp.24, 
flgs.  0  No.  41.  Fowls:  Care  and  Feeding.  Pp.  24,  flgs.  4.  Na  42.  Facts  About  MUk.  Pp.  20,  figs.  8. 
No.  43.  Sewage  Disposal  on  the  Farm,  and  Protection  for  Drinking  Water.  Pp.  20,  figs.  8.  No.  44. 
Commercial  Fertilizers:  Composition  and  Use.  Pp.  24.  No.  45.  Some  Insects  Injurious  to  Stored 
Grain.  Pp.  24,  figs.  17.  No.  40.  Irrigation  in  Humid  Climates.  Pp.  27,  figs.  4.  No.  47.  Insects 
Affecting  the  Cotton  Plant  Pp.  32,  figs.  18.  No.  48.  The  Manuring  of  Cotton.  Pp.  10.  No.  40. 
Sheep  Feeding.  Pp.24.  No.  50.  Sorghum  as  a  Forage  Crop.  Pp.20,  flg.l.  No.  51.  Standard  Varie- 
ties of  Chickens.  Pp.48,  figs.  44.  No. 62.  The  Sugar  Beet  Pp.  48,  figs.  24.  No.  58.  How  to  Grow 
Mushrooms.  Pp.  20,  flgs.  14.  No.  54.  Some  Common  Birds  in  Their  Relation  to  Agriculture.  Pp. 
40,  flgs.  22.  No.  55.  The  Dairy  Herd :  Its  Formation  and  Management  Pp.  24.  No.  50.  Experiment 
Station  Work— I.  Pp.  31,  flgs.  10.  No.  57.  Butter  Making  on  the  Farm.  Pp.  15.  No.  58.  The  Soy 
Bean  as  a  Forage  Crop.  Pp.  24,  flgs.  5.  No.  50.  Bou  Kin^ping.  Pp.  32,  flgs.  10.  No.  00.  Methods  of 
Curing  Tobacco.  Pp.  10.  No.  01.  Asparagus  Culture.  P|>.  40,  flgs.  17.  No.  02.  Marketing  Farm 
Produce.  Pp.  28,  figs.  7.  No.  03.  Care  of  Milk  on  the  Farm.  Pp.  40,  flgs.  0.  No.  04.  Ducks  and 
Gtoese:  Standard  Breeds  and  Management  Pp.  48,  flgs.  37.  Na05.  Experiment  SUtion  Work— IL 
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Director, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 

3 


Digitized  by  VjOOQ IC 


CONTENTS. 


Home-mixed  v.  factory-mixed  fer til i zers 5 

Forcing  asparagus  in  the  field 6 

Field  selection  of  seed 8 

Potatoes  as  food  for  man 11 

ComstoTer  as  a  feeding  stuff 12 

The  feeding  value  of  sugar  beets 15 

Salt-marsh  hay 16 

Forage  crops  for  pigs 18 

Ground  grain  t?.  whole  grain  for  chicks 19 

Skim  milk  for  young  chickens 20 

By-products  of  the  dairy 20 

Stripper  butter 24 

Curd  test  in  cheese  making 24 

Home-made  test 25 

Improved  curd  test 26 

Interpretation  of  results 27 

Gape  disease  of  chickens 28 

Explanation  of  terms 30 

Terms  used  in  discussing  fertilizers 30 

Terms  used  in  discussing  foods  and  feeding  stuffs 30 

Miscellaneous  terms 31 


ILLUSTRATIONS. 


Pag«. 

Fig.  1.  The  home-made  curd  test 25 

2.  Different  stages  of  homo-made  test 26 

3.  Section  of  improved  curd  test 26 

4.  Improved  test  bottle 26 

5.  Curd  from  good  milk 27 

6.  Curd  from  bad  milk 27 

7.  Floating  curd  from  very  bad  milk 27 

8.  Dissection  of  a  chick  affected  with  gapeS;  the  trachea  pinned  open  ...  28 
4 


Digitized  by  VjOOQ IC 


EXPERIMENT  STATION  WORK-VH/ 


HOME-MIXED  V.  FACTORT-MIXED  FEETILIZEES. 

It  has  been  shown  in  a  previoas  bolletin  of  this  series  (Farmers'  BnL 
65)  from  the  work  of  various  experiment  stations  that  it  is  perfectly 
practicable  for  farmers  to  bay  unmixed  fertilizing  materials  and  pre- 
pare their  own  fertilizer  mixtures,  and  that  by  so  doing  they  may  mate- 
rially reduce  the  cost  of  their  fertilizers. 

Various  objections  have  been  raised  to  the  practice  of  home-mixing. 

Farmers  are  pereaaded  that  the  compooDding  of  fertilizers  is  an  intricate  and  diffi- 
calt  operation,  requiring  extensive  acquaintance  with  chemistry,  costiy  machinery, 
and  great  technical  skill. . 

The  case  well  illostrates  the  old  adage,  that  a  half  tmth  is  a  whole  falsehood. 
The  prodoction  and  manufacture  of  fertilizing  materials — that  is,  the  selection, 
quarrying,  grinding,  and  acidulation  of  phosphatic  rock ;  the  drying  and  grinding 
of  slaughterhouse  refuse,  the  production  and  refining  of  such  materials  as  nitrate  of 
soda,  sulphate  of  ammonia,  and  muriate  of  potash— all  these  are  distinctly  manufac- 
turing processes  which  require  chemical  or  technical  knowledge,  skill  in  manipula- 
tion, and  expensiye  machinery.  But  these  operations  are  entirely  separate  and  dis- 
tinct from  the  oomiK>unding  of  mixed  fertilizers.  Each  of  the  materials  named 
comes  from  the  manufacturer  in  condition  to  be  used  by  itself  as  a  fertUizer  and  each 
one  is  so  used  for  special  purposes.  The  compounding  of  these  materials  under  a 
proprietary  brand  into  a  mixed  fertilizer  is  no  more  a  manufacture  than  is  the  mix- 
ing of'  a  ration  of  com  meal  and  bran  to  be  fed  to  a  cow.  The  only  difference  is  that 
the  ration  which  is  designed  to  be  distributed  uniformly  to  thousands  or  millions  of 
plants  requires  to  be  more  carefully  mixed  than  that  fed  to  a  single  cow.  If  we 
were  feeding  each  plant  by  itself  no  mixing  would  be  necessary,  or  if  we  were  giving 
the  different  elements  of  a  ration  at  different  times ;  as  for  instance,  when  we  apply 
8nx>erphoephate  and  muriate  of  xK>tash  to  wheat  in  the  fall  and  follow  with  nitrate  of 
soda  in  the  spring. 

1  This  is  the  seventh  number  of  a  subseries  of  brief  popular  bulletins  compiled  from 
the  published  reports  of  the  agricultural  experiment  stations  and  kindred  institu- 
tions in  this  and  other  countries.  The  chief  object  of  these  publications  is  to  dis- 
seminate throughout  the  country  information  regarding  experiments  at  the  different 
experiment  stations,  and  thus  to  acquaint  our  farmers  in  a  general  way  with  the 
progress  of  agricultural  investigation  on  its  practical  side.  The  results  herein 
reported  should  for  the  most  part  be  regarded  as  tentative  and  suggestive  rather 
than  conclusive.  Further  experiments  may  modify  them,  and  experience  alone  can 
show  how  far  they  will  be  useful  in  actual  practice.  The  work  of  the  stations  must 
not  be  depended  upon  to  produce  ''rules  for  farming. '^  How  to  apply  the  results  of 
experiments  to  his  own  conditions  will  ever  remain  the  problem  of  the  individual 
£uinar.— A.  C.  Tbuk,  Director,  Office  of  Experiment  Stations. 
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This  point,  of  the  essential  difference  between  those  operations  which  are  legiti- 
mately called  manofac taring  and  those  which  are  simply  mixing,  should  be  clearly 
onderstood. 

When  the  farmer  learns  that  he  can  mix  his  own  fertilizers  and  thereby  materially 
reduce  their  cost  the  use  of  fertilizing  materials  will  be  largely  increased,  and  the 
final  outcome  will  be  a  benefit  and  not  an  injury  to  the  legitimate  trade  in  fertilizers.' 

In  order  to  determine  whether  fertilizers  so  mixed  are  any  less  effect- 
ive than  factory-mixed  goods,  the  Ohio  Station  began  in  1897  an  experi- 
ment in  which  a  few  standard  brands  of  factory-mixed  fertilizers  are 
being  compared  with  home  mixtures  of  tankage,  acid  phosphate,  and 
muriate  of  potash,  containing  as  nearly  as  possible  the  same  amonnts 
of  potash,  phosphoric  acid,  and  nitrogen  claimed  for  the  factory-mixed 
goods.  The  experiments  were  located  on  heavy  white-clay  soil,  and  a 
rotation  has  been  planned  to  include  the  three  crops,  corn,  wheat,  and 
clover,  to  follow  each  other  in  a  three-year  course,  the  fertilizers  being 
applied  to  the  corn  and  wheat.  Up  to  the  present,  only  the  results 
with  corn  have  been  reported.  These  show  that  the  home-mixed  fer- 
tilizers gave  yields  fully  equal  to  those  produced  by  the  factory-mixed 
goods.  Basing  the  cost  of  the  factory-mixed  fertilizers  upon  what  the 
station  paid  for  them  in  small  lots  (200-pound  sacks)  at  the  factory 
and  the  cost  of  the  home  mixtures  at  the  regular  retail  market  price  of 
the  materials  in  single-sack  lots,  with  freight  to  the  station  added,  the 
saving  on  the  home-mixed  fertilizers  was  from  $6  to  $12  per  ton. 

Acting  nnder  the  advice  of  the  station  a  company  of  farmers  bought  several  car- 
loads of  fertilizing  materials  and  mixed  for  themselves  last  fall.  These  farmers  first 
obtained  propositions  to  famish  the  desired  materials  from  a  considerable  number 
of  manufacturers  and  dealers.  Selecting  those  which  offered  the  best  terms  they 
concluded  their  purchase,  the  materials  being  guaranteed  to  carry  a  definite  per- 
centage of  the  required  fertilizing  elements.  The  materials,  when  received,  were 
mixed  according  to  formulie  furnished  by  the  station,  and  the  result  of  their  use,  as 
shown  in  the  fall  growth  of  the  wheat  to  which  they  were  applied,  a  few  samples  of 
factory-mixed  fertilizers  of  similar  composition  being  used  alongside  has  been  such 
as  to  lead  to  much  larger  purchases  for  this  season's  operations.  The  final  cost  of 
tbeir  lot  of  fertilizer,  including  cost  of  materials,  freight,  and  mixing,  was  less  by 
more  than  $500  than  the  lowest  price  at  which  the  company  was  offered  an  equal 
quantity  of  factory-mixed  fertilizers  of  equivalent  composition  and  on  the  same 
terms  of  payment. 

FOECnrO  ASPAEAGUS  IS  THE  FIELD. 

Asparagns  is  commonly  forced  by  transplanting  matnre  roots  to  some 
warm  place,  as  in  hotbeds  or  under  greenhonse  benches.  Strong  plants 
fonr  or  five  years  old  are  removed  from  the  field  late  iu  the  fall  with  as 
little  damage  to  them  as  x>ossible  and  stored  in  a  cold  place  antil  wanted 
for  forcing,  when  th(»y  are  set  close  together  iu  the  beds  prepared  for 
them  and  covered  with  several  inches  of  soil.  In  aboat  two  weeks  cut- 
tings can  be  made,  and  the  plants  will  continue  to  yield  for  about  six 
weeks.    Since  forced  plants  do  not  grow  by  becoming  rooted  in  the 
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soil,  bat  are  produced  from  material  stored  up  in  the  roots  the  previous 
snmmer,  when  this  reserve  material  is  exhausted  the  roots  must  be 
thrown  away  and  replaced  by  others.  It  will,  therefore,  be  seen  that 
this  is  rather  a  wasteful  and  expensive  method  of  forcing  asparagus. 

To  overcome  this  difficulty  various  means  have  been  devised  to  force 
asparagus  in  the  field,  where  it  is  so  well  established  that  it  continues 
growth  in  the  summer  as  though  it  had  not  been  forced  the  previous 
winter.  A  simple  and  rather  common  method  of  accomplishing  this  is 
to  place  barrels  or  half  barrels  over  clumps  of  asparagus  very  early  in 
the  spring  and  pile  fermenting  manure  about  them,  the  warmth  from 
the  manure  forcing  the  shoots  into  rapid  growth.  When  the  forcing 
season  is  over  and  danger  from  frosts  is  past,  the  barrels  are  removed 
and  the  plants  continue  growth  in  the  open  air.  Sometimes  asparagus 
is  forced  by  placing  frames  covered  with  sash  over  the  plants  in  the 
field,  the  rows  of  asparagus  being  set  rather  close  together.  This  is 
considered  a  very  profitable  method  by  many  market  gardeners. 
Another  method  of  forcing  asparagus  in  the  field  is  to  dig  ditches 
between  the  rows  and  fill  them  with  fermenting  manure.  The  surface 
of  the  bed  may  also  be  mulched  with  manure.  Sometimes  brick  tunnels 
are  laid  between  the  rows  and  hot- water  pii)es  placed  inside  them  to 
furnish  the  heat. 

A  method  has  been  devised  and  used  at  Oomell  University  by  which 
asparagus  is  grown  in  a  house,  the  roof  of  which  is  removed  in  summer. 
Tbe  frame  for  a  house  20  by  50  feet  consists  of  a  ridge  and  three  pairs 
of  rafters  of  gas  pipe,  over  which  canvas  or  muslin  is  stretched  to  form 
a  roof.  The  walls  are  but  18  inches  high.  The  heat  is  furnished  by 
steam  carried  in  one  supply  pipe  near  the  ridge  and  two  return  pipes 
on  either  side  of  the  house.  By  this  method  plants  are  easily  forced 
into  growth  in  January  or  February. 

Another  method  of  forcing  asparagus  in  the  field  has  recently  been 
reported  by  the  Missouri  Station.  The  method  is  as  follows:  Trenches 
are  made  by  running  a  plow  twice  in  a  place  between  the  rows  so  as  to 
throw  the  soil  onto  them.  The  trenches  are  then  made  uniform  by 
means  of  a  spade.  When  finished  they  are  3  or  4  inches  lower  than 
the  crown  of  the  plants.  They  are  covered  with  12-inch  boards  resting 
on  4-inch  blocks  on  either  side  of  the  trenches,  thus  forming  tunnels 
between  the  rows.  The  boards  are  covered  with  2  or  3  inches  of  soil 
and  over  the  whole  bed  5  or  6  inches  of  horse  manure  is  placed.  Steam 
from  the  boiler  is  carried  to  the  end  of  the  central  tunnel  by  a  steam  pipe 
and  from  there  forced  into  the  various  tunnels  through  a  steam  hose. 
The  steam  comes  into  direct  contact  with  the  soil,  penetrates  it  readily, 
and  thereby  warms  the  whole  bed  uniformly  to  the  desired  tempera- 
ture, keeps  the  soil  moist,  and  maintains  a  continuous  fermentation  of 
the  manure  mulch.  About  five  minutes  at  a  time  was  as  long  as  steam 
could  be  forced  into  the  tunnels  without  danger  of  injuring  the  plants. 

This  method  was  first  tested  at  the  station  in  the  winter  of  1896. 
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The  field  used  had  been  planted  to  asparagus  some  ten  years  previous 
to  the  experiment.  Six  rows,  4  feet  apart  and  50  feet  long,  were  pre- 
pared for  forcing.  Steam  was  first  applied  November  14.  It  was 
discharged  in  each  tunnel  not  over  five  minutes  at  a  time,  about  an 
hour  being  required  to  heat  the  bed  to  a  temperatue  of  6Qo  F.  After 
the  first  day  the  bed  was  steamed  on  an  average  of  twice  in  three  days 
and  only  for  five  minutes  for  each  tunnel.  The  first  asparagus  was  cut 
ten  days  after  steaming  was  begun.  It  was  as  large  as  that  ordinarily 
produced  in  spring  and  much  more  crisp.  Cuttings  were  made  almost 
daily  for  a  month,  when  the  growth  became  weak.  The  second  test  was 
begun  December  16  and  carried  out  as  in  the  first  test.  The  bed  pre- 
pared for  forcing  was  25  by  75  feet.  The  first  cutting  was  made  two 
weeks  after  the  first  steaming.  The  time  of  cutting  was  more  irregular 
than  in  the  first  test  and  was  prolonged  about  two  months.  The  weather 
being  colder,  somewhat  more  steam  was  required  than  in  the  first  test. 
The  plants  forced  were  allowed  to  grow  without  cutting  during  the 
summer  of  1897,  and  the  spring  growth  of  1898  showed  that  one  sea- 
son's growth  after  forcing  was  sufficient  for  the  plants  to  regain  their 
normal  vigor.  In  the  winter  of  1897-98  a  test  was  made  with  a  bed  25 
feet  square  to  determine  the  amount  of  coal  necessary  to  force  a  given 
area  of  asparagus  and  the  value  of  the  product.  The  steam  was  first 
used  December  29,  the  first  asparagus  was  cut  January  12,  and  cutting 
was  continued  until  February  25.  Steam  was  forced  into  the  tunnels  ^ 
total  of  60^  hours;  2,308  pounds  of  coal,  valued  at  $1.82,  was  used  in 
heating  the  bed.  The  yield  was  162  bunches  (80  pounds),  valued  at 
from  10  to  20  cents  per  bunch. 

FIELD  SELECTIOH  OF  SEED. 

The  improvement  of  cultivated  plants  is  an  all-important  question 
in  agriculture  the  world  over  and  one  which  will  disappear  only  with  the 
vocation  itself.  Nearly  two  thousand  years  ago  the  Boman  writers  on 
agriculture  recommended  the  careful  selection  of  seed  wheat,  and  it  is  not 
improbable  that  selection  has  been  practiced  from  the  remotest  antiq- 
uity from  which  the  cultivation  of  wheat  dates.  The  wheats  of  ancient 
Egypt  even  were  of  excellent  quality,  and  the  limit  of  that  degree  of  gen- 
eral development  which  can  be  attained  by  selection  has,  perhaps,  been 
reached  not  only  in  wheat  but  in  other  ordinary  farm  crops.  The  prin- 
ciples of  selection,  however,  must  not  be  abandoned,  but  rather  applied 
with  precision  to  prevent  degeneration  and  to  preserve  the  high  degree 
of  development  which  has  been  reached  through  years  of  labor  and 
care.  The  present  condition  of  our  grains  does  not  preclude  the  possi- 
bility of  establishing  new  varieties.  Variations  occur  constantly  in  all 
crops,  and  the  farmer,  by  heeding  these  hints  of  nature,  may  give  per- 
manence to  a  desirable  quality  which  has  shown  itself  in  a  single  plant. 
The  improvement  of  some  plants,  as  the  sugar  beet,  for.  instance,  is 
mainly  the  work  of  specialists,  but  the  improvement  of  our  common 
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crops  may  receive  the  attention  of  the  fiArmer  and  result  in  profitable 
reimborsement  for  the  time  and  labor  expended.  It  is  also  probable 
that  the  qaestion  of  varieties  is  worthy  of  a  greater  consideration  than 
it  ordinarily  receives.  In  a  variety  test  with  wheat  recently  conducted 
at  the  Pennsylvania  Station,  the  best  yielding  variety  produced  13.44 
bushels  i>er  acre  more  than  the  variety  giving  the  smallest  yield,  the 
one  producing  a  little  over  45  per  cent  more  than  the  other. 

The  variations  in  plants  are  not  always  desirable,  for  the  degenera- 
tion or  ^^  running  ouf  of  a  variety  is  a  form  of  variation  which  must 
be  guarded  against  at  all  times.  The  qualities  usually  sought  after 
are  increased  size  of  the  grain  or  kernel  and  the  yield  in  general,  and 
a  preferable  change  in  the  color  of  the  grain  and  the  time  of  ripening. 
The  hardiness  of  a  variety  also  is  of  great  importance  and  is  a  factor 
which  should  be  carefully  considered,  especially  in  connection  with  the 
improvement  of  our  winter  wheats.  We  have  a  good  example  of  this 
in  the  Dawson  Golden  Chaff  Wheat,  which  is  of  rather  recent  origin 
and  which  has  given  some  verygratifying  results.  A  bulletin  of  the 
Michigan  Station  describes  it  as  follows: 

This  variety  originated  in  1885,  one  stool  containing  five  stalks  being  fonnd  at 
harvest  time  in  that  year  on  a  bare  exposed  hill  in  a  field  of  White  Clanson  where 
the  surrounding  wheat  had  been  winterkilled.  The  farm  on  which  it  originated 
is  located  about  2  miles  west  of  Gait,  Ontario,  and  was  owned  at  the  time 
by  Robert  Dawson,  who  discovered,  propagated,  and  introduced  this  variety. 
*  •  *  For  two  years  it  *  *  *  stood  at  the  head  of  the  varieties  tested  in  the 
cooperative  experiments  conducted  by  the  Ontario  Agricultural  College  *  *  • 
and  for  three  years  it  *  *  *  stood  first  among  the  fifty-three  varieties  of  wheat 
grown  for  trial  on  the  experimental  grounds  connected  with  that  college.  Over  a 
large  part  of  Ontario  it  had  become  the  leading  market  variety,  being  in  especial 
demand  to  mix  in  grinding  with  spring  wheat  fh>m  the  Northwest,  and  sometimes 
bringing  an  advance  over  the  market  price  for  that  purpose.  *  *  *  The  special 
merits  of  this  variety,  aside  from  the  color  and  quality  of  the  grain,  are  its  hardi- 
ness and  stiffness  of  straw,  adapting  it  to  cultivation  on  low,  black  land  where 
many  varieties  winterkiU  and  where  the  White  Clanson  is  inclined  to  lodge  and 
fail  to  properly  fill. 

This  promising  variety  was  obtained  by  selection  in  the  field.  Ordi- 
narily the  farmer  makes  his  selection  of  seeds  of  wheat,  oats,  barley, 
etc.,  by  means  of  the  fanning  mill,  and  his  seed  corn  is  selected  from 
the  crib  or  at  husking  time.  These  methods  are  a  step  in  the  right 
direction,  and  nndonbtedly  much  good  has  come  from  them,  but  they 
are  at  best  incomplete.  This  selection  disregards  everything  except 
the  condition  of  the  grain.  In  selecting  seeds  the  individual  plants 
which  produce  them  should  be  taken  into  consideration  as  well  as  the 
quality  of  the  seed  itself.  Even  weak  and  poorly  developed  plants  are 
able  to  produce  some  well-developed  seeds.  A  small  stalk  of  corn  may 
produce  a  large  ear,  and  a  x>oor  wheat  plant  may  produce  some  large 
grains  in  a  head  incompletely  filled.  These  facts  present  a  strong 
argument  in  favor  of  field  selection  as  the  most  logical  method  of 
selecting  the  seeds.    The  selection  of  seeds  of  wheat,  oats,  barley,  rye, 
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etc.,  from  the  growing  crops  presents  greater  difficulties  than  the  field 
selection  of  seed  corn ;  still  it  is  not  beyond  accomplishment.  For  the 
selection  of  seeds  of  small  grain,  Beseler,  a  German  writer,  recommends 
the  gathering  of  the  best-developed  heads  from  plants  typical  of  the 
variety.  The  heads  are  thrashed  and  the  heaviest  grain  retained  for 
seed.  He  advises  to  sow  this  selected  seed  on  a  special  plat,  in  drills 
far  enough  apart  to  admit  of  cultivation,  placing  a  few  grains  at  inter- 
vals of  6  inches  in  the  drill.  When  ripe  the  grain  should  be  carefully 
thrashed,  and  again  the  best  and  heaviest  grains  selected  for  seed.  In 
this  way,  it  is  believed,  a  variety  may  readily  be  improved  and  kept 
up  to  its  standard  of  excellence.  The  New  Mexico  Station,  in  a  bulle- 
tin on  this  subject,  gives  practically  the  same  advice. 

The  most  logical  way  of  selecting  seeds  of  wheat,  oats,  rye,  and  barley  would  be  at 
time  of  ripening  in  the  field,  selecting  the  longest  and  best  filled  heads,  containing 
the  largest,  plumpest^  and  heaviest  grains  which  grow  in  short  thick  stalks.  *  •  « 
Enough  heads  can  be  gathered  in  this  way  in  a  few  hours  to  furnish  seed  to  pro- 
duce the  following  year  sufficient  seed  to  supply  the  wants  of  the  average  farmer. 
*  *  *  The  practice  of  selecting  Indian  corn  from  seed  fh>m  the  crib  or  at  husking 
time  *  *  *  is  not  altogether  to  be  commended.  •  *  »  The  best  method  is 
to  select  the  ears  before  the  stalks  are  cut,  choosing  those  with  not  less  than  two 
well-formed  ears  on  a  stalk,  which  should  be  of  low  growth  and  well  furnished  with 
leaves,  and  ears  set  low  to  the  ground.  The  plants  should  be  vigorous  and  healthy. 
The  ears  selected  should  combine  early  maturity  and  uniformity  of  ripening. 

In  connection  with  this  the  results  of  experiments  with  wheat  to  deter- 
mine the  influence  of  the  selection  of  seed  made  at  Gottingen,  Germany, 
will  be  of  interest.  The  results  in  this  experiment  indicate  that  seed 
from  large  heads  selected  for  a  number  of  years  produced  a  greater 
total  yield  than  seed  selected  from  small  heads.  The  thickness,  length 
of  the  straw,  and  the  length  of  the  upper  intemode  were  found  to  be 
greater  in  the  plants  grown  from  seed  taken  from  large  heads,  and  the 
number  of  internodes  was  also  somewhat  greater.  Seed  taken  from 
heavy-culmed  plants  produced  a  heavier,  stronger,  and  somewhat 
longer  straw  than  seed  taken  from  thinculmed  plants;  the  number  of 
internodes  was  also  found  to  be  hereditary.  The  progeny  of  five-noded 
plants  produced  a  larger  total  crop,  stronger  and  longer  culms,  and 
longer  heads  than  the  progeny  of  four-noded  ones.  The  plants  were 
grown  in  pots,  and  it  was  observed  that  where  one  plant  was  grown 
in  a  i>ot  the  plant  had  a  smaller  number  of  internodes  than  where 
eight  plants  were  grown  in  a  pot.  It  is  concluded  from  this  that 
growth  in  a  well-lighted  position  favors  the  strengthening  of  the  culm 
and  reduces  the  number  of  internodes.  The  results  of  an  experiment 
with  rye  carried  out  in  Germany  by  Westermeier  show  that  the  color 
of  the  seed  grain  is  a  factor  of  considerable  importance  in  determining 
the  character  of  the  product. 

These  and  other  experiments  of  similar  nature  all  go  to  show  thai} 
not  only  the  size  and  character  of  the  grain  but  the  development  and 
characteristics  of  the  entire  plant — leaf,  stem,  nodes,  etc. — must  be 
taken  into  account  in  the  e^v^rt.  to  improve  varieties. 
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The  experiments  of  Girard  in  France  and  of  several  of  the  experiment 
stations  in  this  country  have  justified  the  usual  practice  of  successful 
growers  in  careftdly  selecting  seed  potatoes.  By  selecting  for  several 
generations  average-sized  tubers  from  the  best  hills  Girard  effected 
a  considerable  improvement  in  productiveness.  To  ascertain  the  best 
hills  by  diggiug  each  is  exceedingly  laborious,  but  Girard  found  that 
the  best  hills  in  an  evenly  manured  field  containing  only  one  variety  were 
those  in  which  the  vines  were  most  vigorous.  Selection  was  thus  ren- 
dered easy  by  means  of  stakes  placed  beside  the  luxuriant  plants. 

The  North  Dakota  Station  sums  up  three  years'  experiments  along 
this  line  with  potatoes  as  follows : 

<' Selection  of  large-size  tubers  from  the  general  crop  as  stored  in 
the  bin  will  not,  with  any  desired  certainty,  make  the  crop  a  better 
one;  for  some  hills  which  naturally  yield  many  tubers  of  off- form  and 
small  size  may  furnish  a  large  number  of  the  tubers  for  the  next  crop. 
•  •  •  Selection  should  be  done  in  the  field  at  digging  time,  and 
should  be  made  from  those  hills  which  produce  potatoes  of  the  form 
and  character  desired,'^  taking  into  consideration  not  only  the  yield 
and  character  of  the  tubers  but  also  the  growth  and  vigor  of  the 
vines;  i.  e.,  ^'the  entire  aspect  of  the  plant  rather  than  the  single 
feature  desired." 

POTATOES  AS  FOOD  FOE  MAV. 

The  x>otato  is  a  staple  article  of  diet  in  almost  every  household.  The 
universality  and  extent  of  its  consumption  would  seem  sufiQcient  to 
prove  it  to  be  a  wholesome  and  nutritious  food.  The  statement,  how- 
ever, is  frequently  met  with  in  popular  articles  that  potatoes  are  not  a 
wholesome  food.  So  far  as  can  be  learned  this  is  a  purely  gratuitous 
assumption.  While  it  is  possible  that  there  are  persons  with  whom 
potatoes  do  not  agree,  or  who  for  some  reason  are  compelled  to  forego 
starchy  foods,  there  is  no  reason  to  suppose  that  potatoes  are  not  as  a 
rule  a  useful  and  wholesome  article  of  diet. 

The  most  important  groups  of  constituents  in  foods  are  protein  (nitro- 
genous matter),  fats,  and  carbohydrates  (starches,  sugars,  etc.).  The 
potato  is  essentially  a  starchy  food,  and  eaten  alone  it  would  furnish  a 
very  one-sided,  badly  balanced  diet,  which  would  probably  prove 
unwholesome  to  most  people.  When  eaten  with  meat,  eggs,  fish,  etc., 
which  are  essentially  nitrogenous  foods,  an  evenly  balanced  diet,  which 
is  most  conducive  to  health  and  vigor,  is  secured.  The  table  (p.  12) 
affords  a  means  of  comparing  the  composition  of  the  edible  portion  of 
foods  rich  in  carbohydrates,  like  potatoes,  fiour,  and  bread,  with  those 
rich  in  protein — beefsteak,  codfish^  etc. 
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CampoHUan  of  potatoes  compared  with  that  of  other  oommon  food  products. 


Water. 


Protein. 


Oarbohy- 
dratea. 


ITat. 


Ash. 


Potatoes  ........ 

Flonr 

Bread,  white.... 

Turnips 

Cabbage 

Beefsteak,  ronnd 
Fresh  codfish.... 


PtremU. 
78.0 
12.  S 
85.4 
88.9 
90.3 
68.5 
82.« 


PtremU. 

2.1 

1L8 

9.5 

1.4 

2.1 

20.4 

15.8 


PtrcmU, 

l&O 

74.0 

52.8 

8.7 

5.8 

ao 

0.0 


Percent 

0.1 

1.1 

1.2 

.2 

.4 

10.0 

.4 


Pereeni, 
0.9 

.5 
1.1 

.8 
1.4 
LI 
1.2 


As  the  table  shows,  the  potato  contains  a  high  percentage  of  water, 
although  not  as  much  as  turnips,  cabbage,  and  similar  foods.  The 
greater  part  of  the  dry  matter  of  potatoes  is  carbohydrates  (principally 
starch). 

Chemical  analysis  thus  shows  that  the  practice,  which  has  become  so 
general,  of  serving  potatoes  with  meat  and  similar  foods  is  based  upon 
scientific  principles,  one  food  supplying  the  deficiencies  of  the  other. 

In  experiments  on  the  digestibility  of  potatoes  by  man,  recently  made 
at  the  Minnesota  Experiment  Station,  it  was  found  that  71.9  per  cent 
of  the  protein  and  93  per  cent  of  the  carbohydrates  were  digested  or 
assimilated.  In  these  experiments  the  potatoes  were  eaten  with  some 
eggs,  milk,  and  cream,  so  that  the  conditions  may  be  assumed  to  be 
about  normal. 

As  was  stated  above,  carbohydrates  are  an  essential  of  a  well  regu- 
lated diet.  The  experiments  just  referred  to  show  that  potatoes  prop- 
erly cooked  furnish  such  material  in  a  digestible  form.  They  have  been 
a  staple  article  of  diet  for  many  years  without  harmful  results,  and 
therefore  the  conclusion  that  under  ordinary  circumstances  they  are 
other  than  a  useful  and  wholesome  food  seems  unwarranted. 

COEH  STOVEE  AS  A  FEEDIH 0  STUFF. 

The  Maryland  Experiment  Station  has  published  the  results  of  some 
investigations  which  show  anew  the  value  of  corn  stover  as  a  feeding 
stuff,  provided  it  is  prepared  so  it  can  be  eaten  by  stock  without  waste 
or  danger  to  health.  This  work  takes  up  the  matter  firom  a  new  stand- 
point—that of  feeding  the  stover  cleaned  of  the  pith.  A  large  part  of 
the  bulk  of  cornstalks  and  about  one-fifth  of  their  weight  is  composed 
of  pith.  This  is  generally  considered  to  be  composed  very  largely  of 
cellulose  and  to  be  of  very  little  value  for  feeding.  Recently  a  number 
of  uses  have  been  found  for  the  pith  in  the  arts,  and  a  process  has  been 
patented  and  factories  erected  for  the  separation  of  the  pith  on  a  com- 
mercial scale.  In  this  process  the  stover  is  dried,  the  blades  and  husks 
are  removed,  and  the  stalks  are  ground.  The  pith,  being  lighter  than 
the  rest  of  the  cornstalk,  is  separated  from  it  by  winnowing.  The 
remainder  is  used  for  feeding,  and  has  been  designated  the  <^new  com 
product.^  It  was  this  material  which  served  for  the  investigation  at 
the  Maryland  Station. 
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The  comx>ositioii  of  this  material,  as  comi>ared  with  that  of  com  fodder 
from  which  it  was  made,  and  of  shredded  com  is  shown  below : 

ChmpoHiUm  0/  new  oom  produot,  oom  fodder,  and  shredded  cam. 


Wfttor. 

Protein. 

Fet 

Nitrogen. 

free 
extraoi. 

Crude 
fiber. 

Ash. 

Now  eom pfodnot 

Perctnt 
9.22 
9.80 
20.10 

Per  cent 
6.88 
8.04 
4.81 

Perctnt 
2.84 
2.42 
2.87 

PereenL 
48.86 
46.16 
40.88 

Percent, 
28.70 
88.18 
28.29 

Percent 
4.00 

Corn  fodder 

4.60 

RhrfHld*rl  4H>ni  fodd«r , . 

4.60 

The  new  com  product  and  the  corn  fodder  were  both  dried  artifi- 
cially, so  that  they  contained  considerably  less  water  than  is  ordiuafily 
present  in  com  fodder. 

The  digestibility  of  the  new  eom  product  was  compared  with  that  of 
groond  com  fodder,  shredded  com  fodder,  and  corn  blades  (leaves)  and 
hnsks.  The  com  fodder  was  ground  so  as  to  be  in  about  the  same 
mechanical  condition  as  the  new  com  product.  The  materials  were  fed 
to  steers,  and  the  proportion  of  each  constituent  was  found  to  be  as 
follows: 

Digestibility  of  new  com  product,  00m  fodder,  and  com  blades. 


New  com  prodnot 

Shredded  eom  fodder. . 
Ground  00m  fodder — 
Com  blAdes  and  husks 


I>ry 
matter. 


Percent. 
63.6 
68.6 
58.2 
64.6 


Protein. 


Per  cent, 
60,7 
88.2 
86.0 
47.7 


Fat. 


PerceiU. 
82.8 
73.2 
77.6 
58.1 


Nitrogon 

free 
extract. 


Percent. 
66.8 
57.3 
64.0 
06.4 


Crude 
fiber. 


Percent, 
60.5 
67.1 
56.0 
72.9 


Per  cent, 
48.7 
20.3 
26.0 
22.6 


It  will  be  noticed  that  the  new  corn  product  was  considerably  more 
digestible  than  either  shredded  com  fodder,  finely  ground  com  fodder, 
or  com  blades  and  husks.  As  compared  with  the  average  figures  for 
timothy  hay  when  fed  to  cattle,  the  new  corn  product  was  found  to  be 
considerably  more  digestible  than  that  material.  The  author  says, 
"The  results  given  in  the  above  tables  prove  the  new  corn  product  to 
be  a  valuable  cattle  food,  and  in  no  sense  should  it  be  considered  a 
waste  product.  The  results  not  only  show  this  material  to  be  valuable, 
but  in  every  respect  show  it  to  be  superior  to  the  shredded  corn  fodder 
or  the  entire  plant  in  its  natural  condition." 

The  digestibility  of  the  new  corn  product  was  also  compared  with 
that  of  timothy  hay  with  horses.  Here  again  the  new  corn  product 
was  found  to  be  considerably  more  digestible. 

A  fattening  experiment  was  made  with  steers,  in  which  the  new  corn 
product  was  compared  with  corn  blades,  feeding  a  constant  grain  mix- 
ture with  each.  The  steers  on  the  new  corn  product  gained  428  x>ounds 
in  60  days,  or  3.57  pounds  per  head  daily,  while  those  on  the  com 
blades  gained  403  pounds,  or  an  average  of  3.36  pounds  i)er  head  daily. 
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The  new  com  product  was  mixed  with  the  grain.  It  was  eaten  with 
relish  by  the  stock,  and  there  was  no  waste.  The  cattle  woald  lie  down 
and  chew  their  cud  as  naturally  as  when  fed  hay  or  in  the  pasture. 

Later  experiments  were  made  with  horses,  in  which  the  new  com 
product  was  compared  with  timothy  hay,  feeding  ground  oats  in  both 
cases.  ^<  Both  rations  maintained  the  animals  in  their  normal  condition,^ 
but  there  was  considerably  less  eaten  when  on  the  new  corn- product 
ration."  This  would  be  expected  from  the  greater  digestibility  of  the 
latter.  Other  trials  were  made  in  which  the  animals  were  worked. 
Here  also  it  was  found  a  satisfactory  substitute  for  hay.  In  all,  nine 
different  horses  were  fed  on  rations  with  the  new  corn  product.  The 
author  concludes  that  ^Hhe  fact  that  the  horses  ate  this  feed  continu- 
ously for  five  months  and  relished  it  more  at  the  end  than  at  the  begin- 
ning, •  •  •  together  with  the  testimony  of  the  weights,  is  sufiQcient 
data  for  concluding  that  the  new  com  product  is  a  good  food  for  horses 
and  can  replace  hay  for  that  purpose." 

Satisfactory  trials  have  also  been  made  in  feeding  this  material  to 
cows  and  pigs.  The  animals  take  to  it  readily,  seem  fond  of  it,  and  eat 
it  up  clean  without  any  waste. 

Ohemical  analyses  and  digestion  experiments  made  by  the  New  York 
State  Station  go  to  show  <<that  the  new  corn  product  has  no  materially 
increased  value  over  well-cured  and  well-prepared  corn  fodder." 

This  work  is  interesting  and  useful,  not  only  as  showing  the  value  of 
this  particular  new  by-product  of  corn  stover,  but  in  a  broader  sense  as 
indicating  the  great  valae  of  corn  stover  when  it  is  rendered  palatable 
to  stock.  It  may  be  that  the  chief  advantage  of  the  new  material  lies 
in  its  mechanical  condition,  making  it  convenient  to  handle  and  to 
mix  with  other  feed,  and  resulting  in  a  more  economical  use  of  it  by 
animals. 

In  feeding  whole-corn  fodder  their  is  a  large  waste  and  the  uneaten 
parts  get  into  the  manure  and  make  it  difiQcult  to  handle.  The  use  of 
the  corn  shredder  has  removed  these  objections  in  large  degree. 

It  is  calculated  from  the  statistical  reports  of  this  Department  that 
the  corn-stover  crop  of  the  United  States  in  1897  was  nearly  80,000,000 
tons,  as  compared  with  the  hay  crop  of  60,665,000  tons.  This  corn 
stover  would  contain  about  30,000,000  tons  of  food  materials  actually 
digestible  by  animals,  including  over  1,500,000  tons  of  protein, 
27,000,000  tons  of  carbohydrates,  and  nearly  500,000  tons  of  fat. 
These  figures  are  almost  too  large  for  comprehension.  They  mean  that 
the  corn-stover  crop  of  the  country  contains  nearly  or  quite  as  much 
digestible  food  materials  as  the  hay  crop.  Throughout  the  com-raising 
sections  there  is  a  very  large  and  in  some  cases  an  almost  total  waste 
of  this  material.  Anything,  therefore,  which  will  lead  to  a  greater  and 
more  profitable  utilization  of  com  stover  will  be  of  immense  benefit  to 
farmers  in  the  corn-growing  sections. 
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THE  FEEDIH 0  VALUE  OF  SXTOAR  BEETS. 

Sagar  beets  are  being  widely  grown  in  the  United  States  with  a  view  to 
determining  the  localities  in  which  they  can  be  produced  of  sufficiently 
high  q^uality  to  warrant  the  establishment  of  beet-sugar  factories.  It 
is  not  probable  that  factories  will  be  built  in  all  the  localities  where 
experiment  shows  that  beets  of  high  quality  can  be  grown,  and  even 
in  those  localities  where  factories  are  established  there  will  sometimes 
be  a  surplus  of  beets,  which  can  not  be  disposed  of  to  the  factory.  In 
such  cases  it  is  important  to  find  some  profitable  use  for  the  beets  on 
the  farm.  Sugar  beets,  like  other  root  crops,  make  an  excellent  addi- 
tion to  foods  for  cattle,  sheep,  and  pigs.  They  are  succulent  and  nutri- 
tious, keep  well  over  winter,  and  form  a  welcome  addition  to  the  dry 
food  of  stock,  keeping  the  animals  in  good  health  and  maintaining  the 
flow  of  milk. 

The  following  table  shows  the  food  constituents  in  sugar  beets  as 

compared  with  other  roots  and  with  some  of  the  more  common  feeding 

stuffs: 

Food  con8tituent9  of  sugar  heeta  and  other  feMng  atuffa. 


Sugar  beets 

Tnrnips 

Mangel'Wiirsels 

Rata-bans 

Corn  fcHMer  (whole  plant) 

Com  silage 

Timothy  bay 


Water. 


Percent. 
86.5 
90.6 
90.9 
88.6 
79.3 
79.1 
13.2 


Protein. 


Percent. 
1.8 
1.1 
1.4 

i.a 

1.8 
1.7 
5.9 


Fat. 


Percent. 

0.1 
.2 
.3 
.2 
.5 
.8 

2.5 


Nitrogen 

tree 
extract. 


Percent. 
9.8 
6.2 
5.5 
7.5 
12.2 
11.0 
45.0 


Fiber. 


Percent. 
0.9 
1.2 
.9 
1.3 
5.0 
6.0 
29.0 


Ash. 


Percent. 
0.9 
.8 
1.1 
1.2 
1.2 
L4 
4.4 


This  table  shows  that  as  far  as  chemical  composition  is  concerned 
sugar  beets  are  somewhat  richer  than  other  common  root  crops,  although 
experiments  have  indicated  that  all  the  common  root  crops  are  equally 
valuable  as  food  for  animals  if  equally  palatable.  The  beets  are  not  so 
rich  in  total  food  constituents  as  green  corn  fodder  and  silage,  but  it 
must  be  borne  in  mind  that  the  beets  are  practically  completely  digest- 
ible, while  only  fix)m  two-thirds  to  three- fourths  of  the  dry  matter  of 
com  fodder  and  silage  is  digestible. 

The  feeding  value  of  sugar  beets  has  been  demonstrated  in  experi- 
ments at  many  of  the  stations.  At  the  Wyoming  Station  sugar  beets 
and  alfalfa  hay  and  grain  and  alfalfa  hay  were  compared  during  the 
winter  on  steers  and  sheep,  with  the  result  that  the  animals  fed  sugar 
beets  and  hay  gave  better  returns  than  those  fed  grain  and  hay  or  hay 
alone.  In  the^e  experiments  the  steers  were  fed  14  pounds  of  sugar 
beets  i)er  head  per  day  and  all  the  hay  they  would  eat. 

Sugar  beets,  if  fed  in  excessive  amounts,  may  induce  scouring.  Ex- 
tended experiments  in  Denmark  have  indicated  that  roots  of  any  kind 
should  not  constitute  more  than  40  per  cent  of  the  ration  of  pig&  It  is 
probable  that  this  proportion  should  not  be  exceeded  with  other  animals, 
although  larger  proportions  have  been  fed  to  cows  without  injurious 
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effects.  Boots  give  best  results  when  fed  with  grain  or  other  concen- 
trated food.  As  the  above  analyses  show^  beets  contain  little  protein 
(nitrogenous  matter).  In  order,  therefore,  to  famish  a  well-balanced 
ration  they  should  be  combined  with  some  more  nitrogenous  food,  such 
as  wheat  bran,  peas,  beans,  oil  meal,  gluten  meal,  etc.  The  importance 
of  thus  providing  a  well-balanced  ration  was  clearly  demonstrated  in 
the  Wyoming  Station  experiments  above  referred  to.  In  these  exx>eri- 
ments  'Hhe  best  balanced  ration  gave  the  best  returns  in  each  case."^ 

SALT-HABSH  HAT. 


In  certain  parts  of  the  councry,  especially  along  the  New  England 
coast,  there  are  extensive  salt  marshes  which  jieli  an  abundant 
growth  of  the  coarser  grasses,  locally  known  as  ^^  black  grass,  fox  grass, 
branch  grass,  blue  grass  (variety  of  redtop),  cove  hay,  salt  hay  mix- 
ture, and  flat  sage."^  These  grasses  are  cut  and  used  as  feed  to  a  con- 
siderable extent  in  some  localties,  but  no  accurate  exx>eriments  had 
been  made  to  determine  the  actual  feeding  value  of  the  different  kinds 
of  grasses  until  the  Massachusetts  Hatch  Station  undertook  this  work, 
although  the  Oonuecticut  Station  has  made  very  complete  chemical 
analyses  of  them. 

In  the  experiments  of  the  Massachusetts  Station  ^<  the  hays  were 
analyzed,  their  digestibilities  were  determined  by  the  aid  of  sheep,  and 
their  effects  upon  the  quantity,  as  well  as  their  influence  upon  the 
quality,  of  both  milk  and  butter  were  carefully  noted." 

The  following  table  shows  the  composition  of  different  salt-marsh 
hays  as  compared  with  average  meadow  hay: 

CamposiHon  of  salt-marsh  hays. 


Kind  of  hay. 


Water. 


Protein 


Fat. 


Nltro- 

frue  ex- 
tract. 


Ash.    Potash. 


Phos- 
phoric 
acid. 


Nitro- 
gen. 


Black  grass  (Junciu  gerardi) 

Vox  gnBB  (SpartifM  neUent) 

Branch  grass  (DitHekUs  gpicata)  . . 
Core  mlxtare  (redtop  and  black 

Salt-hay  mixture  (branch  grass, 
fox  grass,  and  flat  sage) 

Flat  sage  (Spartina  atricta  mart- 
<ima  var.f) 

Redtop  {AgrostU  wigarU) 

Average  meadow  hav  of  mixed 
grasses  ("English  "nay) 


reret. 
16.00 
17.00 
21.00 

18.00 

16.00 

17.00 
13.00 

13.00 


Peret 
7.32 
7.27 
6.22 

7.23 

6.44 

6.49 
6.78 

6.56 


Paret, 
2.08 
2.06 
2.22 

1.72 

2.10 

2.41 
L58 

2.15 


Peret.    PtreL 
43.89  I      6.60 


45.07 
43.46 


44.54 
45.57 


41.32 
44.85 


42.17 


6.22 
6.20 


5.90 
8.40 


8.12 
5.62 


4.25 


Perct. 
(a) 
0.92 


(«) 

(fl) 

1.10 
(a) 

1.50 


PereL 
(a) 
0.18 
.18 

(a) 

(a) 

.31 
(«) 

29 


Perot, 
(a) 
1.20 
1.00 

(a) 

(a) 

1.00 
(a) 

1.00 


a  Not  determined. 

The  table  shows  that  the  saltmarsh  hays  differ  bnt  little  in  chemical 
composition  from  average  meadow  hay.  They  contain  about  the  same 
amount  of  protein,  less  fiber,  and  a  little  more  nitrogen-free  extract 

1  For  information  regarding  the  compounding  of  rations  for  farm  animals  see  Farm- 
ers' BnUetin  No.  22  of  this  Department. 

*For  a  discussion  of  the  grasses  of  the  salt  marshes  see  Yearbook  of  this  Depart- 
ment for  1895,  p.  325. 
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(which  consists  principally  of  carbohydrates — starch,  sugar,  etc). 
They  also  contain  a  little  more  ash,  the  excess  of  the  latter  being  due 
to  salt. 

^^The  same  amount  of  nitrogen  was  found  as  in  English  bay,*  and 
two-thirds  as  much  phosphoric  acid  and  potash." 

From  the  digestion  experiments  made  by  the  station  it  was  found 
that  the  following  percentages  of  the  different  constituents  of  the  yari< 
ous  hays  were  digestible: 

Coefficient  of  digestibility  of  aalt-marsk  kajfs. 


Kind  of  hay. 


ProtelD. 


Fat. 


Nitrogen- 

tree         Fiber, 
extract. 


BlaclE  grass  (Juneui  g^rardi) 

Fox  grass  {i^artina  piUerui) 

Branch  grass  {Dittiehlis  nneata) 

CoTemixtare  (redtop  and  black  grass)  

Salt-hay  mixture  (branch  grass,  ibx  grass,  and  flat  sage)  . . . 

Flat  sage  (Spartina  strieta  mariUma  var.  f ) 

Bedtop  {Agrottia  vulgaris) 

Average  meadow  hay  of  mixed  grasses  ("English"  hay)  . . . 


PerceiU. 
54 

69 
62 
48 
42 
62 
37 
64 


Percent, 
46 
86 
87 
40 
28 
86 
49 
40 


Pereeni. 
49 
53 
46 
63 
62 
55 
46 
56 


Pere0rU. 
67 
67 
25 
60 
58 
60 
56 
68 


Salt  hay,  out  when  in  blossom  and  well  cured,  contains  rather  less  digestible 
matter  than  average  English  hay  cut  under  similar  conditions.  *  *  *  [It  has] 
from  10  to  18  per  cent  less  feeding  value  than  average  English  hay. 

When  fed  in  combination  with  grain  and  com  silage  •  *  •  the  salt-hay 
rations  produced  [as  a  rule]  from  2  to  5  per  cent  less  milk  and  butter  than  did  an 
equal  amount  of  English  hay  similarly  combined.     *     •     » 

When  fed  directly  after  milking  no  objectionable  flavor  could  be  detected  in  the 
milk  or  butter.  It  is  possible  that  if  these  hays  were  cut  very  soon  after  being 
covered  by  the  tide  they  would  then  produce  a  disagreeable  flavor.     *    •    • 

The  salt-hay  rations  produced  milk  with  a  trifle  less  percentage  of  fat  than 
did  the  English  hay  ration.  The  difi'erenoe  is  so  slight  as  to  be  of  no  practical 
importance. 

Because  of  the  lower  market  price  for  salt  hays  as  compared  with  English  nay, 
daily  rations  containing  10  to  12  pounds  of  salt  hay  produced  milk  and  butter  from 
10  to  20  per  cent  cheaper  than  rations  containing  an  equal  amount  of  English  hay. 

When  there  is  a  good  market  for  English  hay  it  is  undoubtedly  wise  to  sell  it  and 
feed  salt  hay  in  combination  with  corn  silage  as  a  substitute.  One  bushel  of  com 
silage  and  12  pounds  of  salt  hay  make  a  good  daily  coarse-fodder  ration.  If  com 
silage  is  not  at  hand,  equal  amounts  of  salt  and  English  or  pea  and  oat  hay  can  com- 
pose the  roughage  ration.  Any  of  the  following  grain  mixtures  may  be  fed  in  con- 
nection with  the  coarse  fodders  for  complete  daily  rations : 


I. 

50  pounds  cotton-seed  meal, 
100  pounds  gluten  feed, 
100  pounds  corn  meal. 
Mix  and  feed  5  to  7  quarts  daily. 

II. 

100  pounds  gluten  meal, 
100  pounds  wheat  bran. 
Mix  and  feed  8  to  9  quarts  daily. 


III. 

50  pounds  cotton-seed  meal, 
100  pounds  gluten  feed, 
100  pounds  wheat  bran. 
Mix  and  feed  7  to  9  quarts  daily. 

IV. 

100  pounds  com  meal, 
75  pounds  gluten  or  ootton-seed  meal. 
Mix  and  feed  5  to  6  quarts  daily. 


'  Meadow  hay,  of  mixed  grasses. 
618»— No.  84 2 
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The  economy  of  the  above  different  grain  rations  will  depend  on  the  local  cost  of 
the  different  feed  staffs. 

It  mnst  be  remembered  that  the  value  of  salt  hay  is  decidedly  influenced  by  the 
time  of  cutting,  and  by  the  condition  of  the  weather  during  the  time  of  cutting  and 
for  a  few  weeks  immediately  after.  A  good  deal  of  the  salt  hay  cut  would  fall  con- 
siderably below  the  value  given  it  above  because  of  late  cutting  and  bad  weather. 

FORAGE  CROPS  FOR  PIGS. 

It  is  the  opinion  of  many  well-informed  agriculturists  that  a  much 
larger  number  of  pigs  may  be  profitably  raised  in  the  Southern  States 
than  is  done  at  present.  Generally  speaking,  there  is  an  abundance  of 
corn  available;  suitable  forage  crops  are,  however,  required  in  addition. 
Peanuts  and  cowx)6as  furnish  succulent  food  which  contains  considera- 
ble quantities  of  protein.  While  sweet  potatoes  contain  only  a  small 
amount  of  protein,  the  content  of  carbohydrates  is  high  and  they  may 
be  easily  raised,  giving  a  comparatively  certain  and  abundant  crop. 

Experiments  were  recently  made  at  the  Alabama  College  Station  on 
the  value  of  the  above-named  crops  as  food  for  pigs.  Immediately  after 
weaning,  6  Poland-China  pigs  were  hurdled  on  a  field  of  Spanish  pea- 
nuts and  given  some  shelled  corn  in  addition.  The  peanuts  were  eaten 
readily,  and  as  long  as  the  vines  remained  green  the  leaves  were  eaten 
also.  The  yield  of  peanuts  was  at  the  rate  of  62.6  bushels  per  acre.  In 
the  six  weeks  of  the  experiment  the  pigs  consumed  373  pounds  of  shelled 
com  besides  the  iieanuts  and  some  foliage  from  7,673  sqiiare  feet,  and 
gained  196.4  pounds — that  is,  1.4  pounds  of  peanuts  and  1.9  pounds  of 
corn,  together  with  an  unknown  quantity  of  peanut  foliage,  were  con- 
sumed per  pound  of  gain.  Valuing  the  com  at  40  cents  per  bushel  and 
pork  at  3  cents  per  pound,  the  profit  from  the  peanuts  was  at  the  rate 
of  $18.34  per  acre.  The  peanuts  were  raised  on  poor  sandy  upland 
which,  in  the  investigator's  opinion,  would  not  have  produced  over  200 
pounds  of  lint  cotton  per  acre,  worth  from  $10  to  $12.  The  expense  of 
cultivating  the  peanuts  was  less  than  for  a  similar  area  of  cotton,  and 
in  addition  the  soil  was  benefited  by  the  manure  and  the  peanut  vines. 

Other  tests  were  made,  including  one  in  which  unhulled  peanuts  and 
com  meal  were  compared.  When  fed  to  pigs  in  pens  only  2.8  pounds 
of  unhulled  Spanish  peanuts  were  required  to  produce  a  pound  of  gain. 
In  other  words,  there  was  a  return  of  9  pounds  of  pork,  worth  27  cents, 
from  a  bushel  of  peanuts.  The  general  conclusion  was  drawn  that 
under  ordinary  circumstances  an  acre  of  peanuts  supplemented  by  37.8 
bushels  of  corn  produced  1,426  pounds  of  pork. 

Young  pigs  pastured  on  nearly  mature  cowpeas  and  supplied  with 
some  corn  in  addition  gained  nearly  three  times  as  much  in  weight  as 
similar  pigs  fed  exclusively  on  corn.  Deducting  the  value  of  the  corn 
fed,  the  cowpeas  returned  in  the  fotm  of  pork  $10.65  per  acre. 

Pigs  confined  in  pens  and  fed  ground  cowpeas  and  corn  gained  more 
rapidly  in  weight  than  pigs  fed  corn  alone.  In  efiect  6.28  pounds  of  the 
mixed  feed  were  equivalent  to  8.06  pounds  of  com  alone. 
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Sweet  potatoes  and  com  meal  were  also  compared.  Three  poands  of 
sweet  potatoes  proved  decidedly  inferior  to  1  pound  of  com.  It  was 
calculated  that  in  the  form  of  pork  the  sweet  potatoes  returned  only  13 
cents  per  bushel. 

This  does  not  imply  that  sweet  potatoes  can  not  be  profitably  employed  as  food 
for  pigs.  Bat  a  proH  t  is  possible  only  by  saving  the  expense  of  harvesting,  the  heav- 
iest single  item  of  expense  in  sweet-potato  cnlture.  If  the  pigs  do  the  rooting  the 
sweet  potato  is  doubtless  a  cheaper  food  than  com  on  some  sandy  soils  that  yield  ten 
to  fifteen  times  as  many  bnshels  of  sweet  potatoes  as  of  corn.  The  vines  are  also 
yalaable  as  food  for  pigs. 

The  value  of  sweet  potatoes  will  be  enhanced  by  feeding  with  them  a  liberal  allow- 
ance of  cowpeas  or  peanuts,  which  supply  the  nitrogenous  material  in  which  the 
sweet  potato  is  deficient. 

The  effect  of  the  foods  tested  on  the  quality  of  the  pork,  more  espe- 
cially on  the  melting  point  of  the  lard,  was  noted.  Gowpeas  fed  with 
com  had  no  Injurious  effect.  Peanuts  when  fed  with  corn  softened  the 
pork  and  lard  decidedly,  and  this  effect  was  still  more  noticeable  when 
the  x)eanuts  were  fed  alone.  The  softening  effect  of  peanuts  was  not 
corrected  by  feeding  com  exclusively  for  a  month  before  slaughtering. 
The  pork,  however,  had  an  unusually  good  flavor. 

For  the  results  of  similar  work  elsewhere  see  Experiment  Station 
Work — I  (Farmers'  Bui.  56  of  the  Department). 

GROUHD  GEAIH  V.  WHOLE  OEAIH  FOR  CHICKS. 

The  New  York  State  Station  has  recently  reported  experiments  made 
to  determine  whether  it  will  pay  to  grind  grain  for  poultry. 

The  first  experiments  were  begun  with  two  lots  of  22  chicks  each, 
one  lot  being  fed  ''all  its  grain  finely  ground,  the  basis  of  the  ration 
being  a  mixture  of  two  parts  by  weight  of  corn  meal,  two  parts  wheat 
bran,  and  one  part  each  of  wheat  middlings,  old-process  linseed  meaf, 
and  ground  oats.  This  was  sup|)1emented  by  skim  milk,  dried  blood, 
and  additional  amounts  daily  of  corn  meal  and  ground  oats.  The  grain 
fed  [the  other  lot]  was  either  whole  or  cracked  and  consisted  of  oats, 
wheat,  corn,  and  barley.  Skim  milk,  fresh-cut  bone,  and  dried  blood 
were  fed  in  addition." 

At  the  end  of  12  weeks  "the  cockerels  among  these  chicks  were 
caponized  and  fed  these  contrasted  rations  during  the  winter,  12  capons 
in  each  lot  being  fed  for  4  months  and  8  continued  nearly  7  months. 
*  •  •  Two  other  lots  of  capons  from  chicks  raised  by  hens  and 
treated  alike  until  caponized  were  fed  these  contrasted  rations  for  about 
5  months. 

*'The  ground- grain  ration  proved  considerably  more  profitable  than 
the  whole-grain  ration  with  the  growing  chicks;  and  the  same  was  true 
of  capons  of  equal  weight  from  these  chicks  and  from  others  of  equal 
weight  and  age  fed  alike  before  caponizing.  No  difference  was  noticed 
in  health  or  vigor  of  chicks  or  capons  fed  either  ration,  but  all  made 
good  gains  and  returned  a  fair  margin  of  profit  at  the  ordinary  prices.'' 
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SKIM  muk  for  TOUVG  CmCEEHS. 

Skim  milk  is  a  farm  product  whose  food  value  is  DOt  fully  appreciated. 
It  is  not  generally  realized  that  milk  loses  little  in  actual  food  value  by 
skimming.  It  is  true  that  most  of  the  fat  is  removed  in  the  cream,  but 
the  most  valuable  food  constituents — i.  e.,  the  nitrogenous  substances — 
are  left  behind  in  the  skim  milk.  Skim  milk  not  only  contains  much 
nutritive  material,  but  this  material  is  in  a  form  which  is,  as  a  rule, 
easily  digested.  It  is  not  only  healthful,  nutritious  food  for  man,  but 
it  may  be  fed  to  calves,  pigs,  and  chickens  with  excellent  results.  Its 
composition  is  such  that  it  may  be  substituted  for  part  of  the  grain 
food,  especially  corn,  of  these  animals  with  benefit  and  profit. 

The  Indiana  Station  has  recently  made  some  interesting  experiments 
on  the  use  of  skim  milk  for  young  chickens.  Two  uniform  lots  (4  to  6 
weeks  old)  of  10  chickens  each  (5  Plymouth  Rocks  and  5  Houdaus)  were 
fed  from  July  11  to  September  5,  under  identical  conditions  except  that 
one  lot  received  in  addition  to  the  food  given  the  other  all  the  skim 
milk  they  would  drink.  '*Both  lots  were  given  all  they  would  eat  of  a 
mixed  food  consisting  of  two  parts  crushed  corn,  one  part  bran,  and  one 
part  ground  oats.  They  were  fed  three  times  a  day,  except  on  Sundays, 
when  an  increased  amount  of  food  was  given  at  the  morning  and  even- 
ing meal.  •  •  •  Both  lots  were  also  given  all  they  would  consume 
of  cracked  bone,  cabbage,  lettuce,  and  water  of  which  no  record  was 
kept.^ 

It  was  found  that  the  lot  receiving  skim  milk  ate  more  of  the  mixed 
food  and  made  a  more  rapid  and  satisfactory  gain  than  the  lot  which 
did  not  receive  skim  milk.  Milk-fed  chickens  made  an  average  weekly 
gain  of  4.46  ounces,  those  receiving  no  milk  2.62  ounces.  The  most 
rapid  increase  in  weight  occurred  at  those  periods  when  the  largest 
amounts  of  skim  milk  were  consumed.  The  skim  milk  is  considered 
"especially  valuable  as  a  food  for  young  chickens  during  the  hot  dry 
weather  and  becomes  of  less  importance  as  the  chickens  grow  older 
and  the  weather  becomes  cooler.'^ 

The  vessels  in  which  the  skim  milk  is  fed  should  be  scalded  fre- 
quently to  keep  them  clean  and  wholesome. 

BY-PRODUCTS  OF  THE  DAIRT.^ 

The  profitable  disposal  of  the  by-products  of  the  dairy,  both  at  the 
factory  and  on  the  farm,  is  a  matter  worthy  of  the  most  serious  con- 
8idei*ation.  Of  these  by-products  skim  milk  is  the  most  important, 
both  on  account  of  its  abundance  and  its  high  food  value  (see  above). 
The  Utah  Station  has  recently  published  the  results  of  some  inter- 
esting experiments  on  the  utilization  of  skim  milk  in  the  feeding  of 
pigs  and  calves. 


'For  a  fuU  discosaion  of  this  subject  see  Yearbook  of  the  Department  for  1897,  p.  509L 
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Feeding  skim  milk  to  pigs. — It  is  a  common  practice  at  creameries  ^^  to 
feed  hogs  on  milk  or  wbey  alone,  and  where  grain  is  fed  it  is  given 
only  to  finish  the  hog  for  market.  This  method  of  management  does 
not  appear  to  be  suocessfnl,  for  it  generally  takes  the  whole  season  to 
get  one  crop  of  hogs  ready  for  the  market;  besides,  in  many  instances, 
it  results  in  too  high  a  death  rate  among  the  hogs  to  be  at  all  profitable." 

In  the  station  experiments  with  pigs,  which  extended  over  several 
years  and  covered  all  seasons  of  the  year,  a  study  was  made  of  "  the 
economy  of  feeding  milk  alone  and  milk  in  combination  with  grain  as 
compared  with  feeding  grain  alone.''  The  grain  fed  was  barley  and 
bran  (half  and  half),  followed  by  ground  corn  and  wheat  (one  to  one), 
in  the  first  experiment;  equal  parts  of  wheat  and  bran  in  the  second, 
third,  and  fourth;  ground  wheat  in  the  fifth;  and  equal  parts  of  bran 
and  corn  meal  in  the  sixth  and  seventh.  There  was  no  attempt,  how- 
ever, "  to  compare  the  relative  value  of  the  different  varieties  of  grain 
when  fed  in  combination  with  milk." 

When  milk  and  grain  were  fed  in  combination  the  milk  was  mixed  with  the  grain 
before  feeding,  making  a  slop.  The  milk  fed  was  sometimes  fresh  and  sometimes  sonr, 
bat  never  old.  It  was  found  to  be  impossible  to  get  nniformity  in  this  matter.  Prao- 
tically,  however,  it  will  not  vitiate  the  results;  it  may  even  add  value  totbom,  as  it 
would  approach  nearer  to  what  the  farmers  and  dairymen  have  to  feed.  When  the 
bogs  were  fed  grain  alone,  water  was  added  to  make  a  slop  of  similar  consistency  to 
that  given  the  bogs  fed  on  milk  and  grain.  Tbe  hogs  at  all  times  had  access  to  pure 
water,  and  a  supply  of  charcoal  and  ashee  was  always  kept  in  the  pens. 

The  results  of  the  experiments  clearly  prove  that  skim  milk  when 
fed  in  combination  with  grain  makes  a  very  valuable  food  for  hogs  at 
all  x>eriods  of  their  growth,  but  particularly  so  during  the  earlier  stages. 
Thus  combined  it  makes  a  much  more  economical  ration  for  hogs  than 
either  milk  alone  or  grain  alone.  When  fed  in  combination  with  grain, 
skim  milk  had  63  per  cent  greater  feeding  value  than  it  had  when 
fed  alone,  100  pounds  of  skim  milk  taking  the  place  of  23.2  pounds  of 
grain  in  the  former  case  and  14.2  pounds  in  the  latter.  Not  only  was 
the  gain  greater  but  it  was  more  rapid  in  case  of  hogs  fed  on  the  milk 
and  grain  ration  than  in  case  of  either  those  fed  on  milk  alone  or  on 
grain  alone.  Tbe  time  required  to  make  100  pounds  of  gain  was  79 
days  for  the  hogs  fed  on  milk  and  grain,  116  days  for  those  fed  on  grain 
alone,  and  147  days  when  the  food  was  milk  alone.  When  the  skim 
milk  and  grain  were  fed  in  the  proportion  of  3  pounds  or  less  of 
skim  milk  to  1  pound  of  grain  the  return  for  the  skim  milk  was 
greater  than  when  a  larger  proportion  was  fed.  Hogs  fed  on  milk  alone 
gained  very  slowly  and  did  not  keep  in  good  health.  In  some  cases  they 
were  off  their  feed  so  frequently  that  a  change  of  feed  had  to  be  made. 
The  milk-and-grainfed  hogs,  however,  without  exception,  kept  in  good 
health.  Young  hogs  fed  on  grain  alone  did  not  do  well  and  appeared 
to  make  poor  use  of  the  food  they  ate.  Hogs  did  much  better  on  milk 
alone  or  grain  alone  when  on  pasture  than  when  similarly  fed  in  small 
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pens.  On  tbe  other  hand,  however,  the  hogs  fed  milk  and  grain  in 
combination  did  better  in  the  pens. 

These  experiments  showed,  farther,  that  the  appetite  of  the  hogs  and 
the  palatability  of  the  food  seemed  to  have  a  very  decided  effect  upon 
the  rapidity  and  economy  of  the  gain,  ^^and  that  young  hogs  are  in 
every  way  the  more  economical  producers  of  pork.  The  hogs  fed  milk 
and  grain  required  62  per  cent  more  to  grow  a  pound  of  live  weight  when 
they  weighed  from  200  to  255  pounds  than  they  did  when  they  weighed 
from  38  to  100  pounds,  and  for  those  hogs  fed  grain  alone  the  difference 
in  favor  of  the  smaller  weight  was  56  per  cent.'^ 

Feeding  skim  milk  to  calves. — ^The  experiments  with  calves  at  the  Utah 
Station  have  likewise  extended  over  several  years  (4). 

The  calves  were  in  every  case  separated  firora  the  cow  by  the  time  they  were  twelve 
hours  old.  For  the  first  7  or  10  days  the  calves  were  fed  the  whole  milk  from  the 
cow,  some  of  the  calves  being  fed  twice  and  some  three  times  a  day.  The  milk  was 
fed  warm  from  the  cow  and  the  amoant  given  was  about  16  to  18  pounds  per  day. 
*  *  *  When  the  calves  were  fed  on  whole  milk  it  was  gradually  increased  as  they 
got  older,  till  20  to  22  pounds  were  fed  per  day  at  a  month  old,  when  the  calves  were 
disposed  of. 

Those  calves  which  received  skim  milk  were  fed  as  follows:  For  the  first  7  to  10 
days  of  its  life  the  calf  got  the  whole  milk  from  the  cow;  then  skim  milk  was  grad- 
ually substituted  till  at  the  end  of  one  week,  or  when  the  calves  were  14  to  17  days 
old,  the  calf  got  half  skim  milk  and  half  whole  milk.  At  the  end  of  the  next  week 
the  ration  was  three-fonrths  skim  milk  and  one-fourth  whole  milk,  and  at  the  end 
of  another  week,  or  by  the  time  the  calf  was  4  to  5^^  weeks  old,  the  ration  consisted 
of  all  skim  milk.  If,  however,  the  calf  was  not  doing  as  well  as  we  would  like,  a 
little  whole  milk  was  ooutinned  for  another  week  or  two.  The  amount  of  skim 
milk  was  gradually  increased  as  the  calf  got  older,  but  the  most  fed  in  any  one  day 
was  from  25  to  27  pounds.  The  skim-milk  ration  was  kept  up  till  the  calves  were  5 
to  6  months  old,  but  as  they  increased  in  age  they  had  what  water  they  could  drink 
in  addition  to  the  milk.  We  have  found  it  to  be  of  the  utmost  importance  to  make 
all  changes  of  feed  gradually,  so  as  not  to  disturb  the  digestion  of  the  young  calf. 

Separator  skim  milk  was  used,  and  in  every  instance  it  was  fed  fresh.  To  prevent 
the  milk  from  souring,  it  was  boiled  by  having  steam  turned  into  it  (which  diluted 
it  about  8  per  cent),  and  then  it  was  cooled  to  about  60^  F.  in  summer  and  to  about 
40°  F.  in  winter.  When  treated  in  this  way  the  milk  would  keep  fresh  about  3  or  4 
days  in  summer  and  about  a  week  during  the  winter. 

The  skim  milk  given  to  the  young  calves  was  always  fed  warm,  from  80°  to 
100°  F.  The  cold  milk,  we  learned  from  a  little  experieuce,  generally  produced 
indigestion,  with  the  resulting  scours.  The  milk,  however,  should  not  be  hot.  Our 
method  of  warming  tbe  milk  was  by  the  use  of  a  lamp  stove,  only  a  few  minutes 
being  inquired  to  heat  a  pailful  of  milk. 

As  soon  as  the  calves  would  eat  it,  a  little  grain  was  given  to  them.  Chopped 
grain  was  used,  and  it  was  fed  dry  in  a  box  and  not  pat  into  the  milk.  No  tests 
were  made  of  the  value  of  the  different  kinds  of  grain,  though  quite  a  variety  of 
grains  was  fed— wheat  and  bran,  barley  and  bran,  barley,  peas  and  bran,  com  and 
bran,  and  com.  No  particular  difference  was  noted  in  the  efficacy  of  either.  The 
calves  usually  started  to  eat  a  little  grain  when  from  3  to  5  weeks  of  age.  If,  when 
first  given  to  them,  they  did  not  eat  tbe  grain  up  clean,  it  was  always  renewed  in  2 
or  3  days.    The  cows  or  hogs  never  refused  what  the  calves  left. 

After  the  calves  were  2  or  3  weeks  old  a  little  hay~as  a  rule,  luc«ni— was  kept 
before  them  and  renewed  frequently ;  they  soon  learned  to  eat  it. 
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By  following  the  method  ahoye  ontlined,  feeding  the  milk  warm  and  not  in  too 
large  quantities  and  making  all  changes  of  food  gradually,  we  have  managed  to 
keep  the  calves  in  good  health,  and  have  been  troubled  but  little  with  scours,  which 
results  from  indigestion.  The  few  oases  that  we  have  had  yielded  readily  to  treat- 
ment. A  small  handful  of  flour  stirred  in  the  milk  we  have  found  excellent  as  a 
corrective;  or,  better  still,  two  teaspoonfuls  of  rennet  extract  in  the  milk  for  a  few 
days.  Our  experience  teaches  that  indigestion  is  something  that  must  not  be 
neglected  or  the  calf  may  be  permanently  injured. 

The  results  show  that  calves  may  be  raised  very  profitably  on  skim 
milk  when  it  is  properly  fed.  While  from  the  standpoint  of  gain  in 
live  weight  and  quality  of  meat  whole  milk  is  a  better  food  for  calves 
than  skim  milk,  it  makes  too  expensive  a  ration  to  be  profitably  fed.  In 
these  experiments  the  gain  in  live  weight  of  the  calves  at  4  cents  -per 
pound  returned  only  10.7  cents  per  poand  for  the  butter  fat  fed  in  the 
milk,  and  at  3  cents  per  pound  only  8  cents  per  pound.  While  the 
calves  whose  rations  were  composed  largely  of  skim  milk  gained  one- 
half  pound  less  per  day  than  those  fed  on  whole  milk,  they  made  prac- 
tically the  same  gain  in  live  weight  per  pound  of  dry  mattei:  conBumed. 
In  other  words,  they  made  just  as  good  use  of  the  food  consumed* 

The  calves  fed  whole  milk  alone  gave  a  greater  proportion  of  dressed  meat  to  live 
weight  than  did  those  fed  on  skim  milk,  and  also  gave  more  fat  on  the  carcass. 

Young  calves  up  to  31  months  of  age  required  less  milk  and  less  dry  matter  to  each 
pound  of  gain  than  did  the  hogs.  When  the  calves  were  5  and  6  months  old, 
tiowever,  more  dry  matter  was  required,  but  at  least  half  of  it  was  hay. 

Fully  as  large  financial  returns  were  obtained  for  the  skim  milk  when  fed  to  calves 
as  when  fed  to  hogs.  With  the  gain  in  live  weight  at  4  cents  per  pound  the  calves 
returned  22  cents  per  100  pounds  for  the  skim  milk  and  the  hogs  22.8  cents.  If  the 
gain  in  live  weight  was  worth  3  cents  per  pound,  the  calves  would  return  5  cents  per 
100  pounds  more  for  the  milk  than  would  the  hogs. 

In  applying  the  above  facts  to  actual  farm  practice  it  should  not  be  forgotten  that 
the  results  here  given  are  probably  the  best  that  could  be  expected,  while  no  account 
is  taken  of  the  cost  of  drawing  the  mUk  back  to  the  farm,  as  would  be  necessary 
where  the  milk  is  sent  to  a  factory,  nor  yet  for  caring  for  and  feeding  the  hogs.  As 
figured  out  under  the  best  conditions,  when  a  large  number  of  hogs  are  handled,  the 
labor  cost  of  looking  after  them  is  about  one-half  cent  for  each  100  pounds  of  milk  fed. 
On  the  farm,  however,  the  cost,  if  it  is  reckoned  at  all,  will  be  many  times  this,  so 
that  perhaps  no  more  than  one-half  of  the  value  here  calculated  could  be  given  as 
the  net  returns  for  100  pounds  of  skim  milk.  In  handling  a  large  number  of  hogs, 
too,  it  is  doubtful  if  as  good  results  would  be  obtained  as  there  were  with  the  small 
number  fed  at  any  one  time  in  this  experiment.  However,  our  results  show  a  pos- 
sibility, and  the  above  remarks  in  no  way  apply  to  or  change  the  results  obtained 
from  a  comparison  of  the  different  methods  of  feeding. 

The  remarks  on  the  labor  cost  of  feeding  animals  are  equally  as  applicable  to  calf 
feeding  as  to  hog  feeding;  though  perhaps  it  would  be  more  difficult  to  feed  a  large 
number  of  calves  than  a  large  number  of  hogs. 

Another  point  to  note  is  that  the  experiments  answer  only  the  question  as  to  the 
value  of  the  skim  milk.  Though  whey  was  fed,  our  experiments  were  altogether  too 
limited  to  compare  its  value  with  that  of  skim  mUk.  Experiments  conducted  at 
other  stations  generally  place  the  value  of  whey  at  one-half  that  of  skim  milk. 
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STBIPPER  BUTTEB. 

The  statement  is  often  made,  and  recent  experiments  at  the  Oregon 
Station  go  to  show,  that  cream  rises  imperfectly  in  milk  from  cows  in 
advanced  periods  of  lactation  (stripper  cows)  and  that  it  is  difficult 
to  obtain  batter  of  good  flavor  from  such  milk. 

The  Iowa  Station  has  investigated  this  subject,  using  milk  from 
fresh  cows  and  from  those  which  had  been  in  milk  over  six  months 
(strippers).  The  milk  from  the  two  lots  was  creamed  and  churned 
separately.  The  results  show  that  when  the  separator  system  was 
used  the  butter  from  the  stripper  milk  was  as  good  as  that  from  the 
milk  of  the  fresh  cows. 

Under  a  gravity  system  there  may  be  some  difference,  as  so  many  dairymen  claim, 
and  the  foHowing  is  a  possible  explanation :  The  fat  globules,  as  is  well  known,  are 
smaller  in  advanced  periods  of  lactation,  and  when  cream  from  such  milk  is  raised 
by  the  gravity  process  more  time  is  required  for  the  cream  to  rise  than  when  the 
milk  is  from  fresh  cows  whose  milk  contains  globules  of  mnoh  larger  size.  We  have 
found  that  cream  or  milk  when  kept  at  a  low  temperature  for  some  time  develops  a 
somewhat  bitter  flavor.  There  seems  to  be  an  organism  which  grows  at  that  low 
temperature  and  which  gives  a  flavor  to  the  cream  and  to  the  butter.  It  is  possible 
that  this  is  why  stripper  milk  is  generally  considered  inferior  for  the  production  of 
butter. 

As  a  means  of  overcoming  these  difficulties  it  is  suggested  that  the 
stripper  cows  be  given  some  food  of  a  succulent  nature  which  will 
increase  the  flow  of  milk  and  thus  render  it  less  viscous,  and  that  a 
strong  starter  of  sour  milk  be  used  with  the  cream. 

THE  CUBD  TEST  IH  CHEESE  MAKIV G. 

In  order  that  cheese  of  a  uniform  standard  of  excellence  may  be 
made  the  milk  supplied  to  a  cheese  factory  must  be  of  uniformly  good 
quality.  ^*  Through  carelessness^  ignorance,  or  malice  the  milk  is  some- 
times delivered  to  the  factory  in  an  imperfect  condition.  The  cheese 
maker,  in  order  to  protect  himself  as  well  as  the  conscientious,  pains- 
taking patrons,  must  be  able  to  accurately  judge  of  the  quality  of  the 
milk  a«  it  is  brought  to  the  factory.  Especially  in  those  sections  where 
some  form  of  a  guarantee  principle  is  in  vogue,  the  cheese  maker  should 
possess  the  latest  knowledge  as  to  the  best  and  most  accurate  methods 
that  have  been  devised  for  the  determination  of  the  actual  value  of  the 
raw  material.'^ 

The  Wisconsin  Station  describes  in  a  recent  bulletin'  a  method  which 
enables  the  cheese  maker  to  determine  easily  and  accurately  the  cheese- 
making  quality  of  the  milk  furnished  by  each  patron.  This  method 
has  been  named  the  ^^  Wisconsin  curd  test."  The  apparatus  for  this  test 
resembles  in  some  respects  the  Glerber  milk-testing  apparatus,  and  can 
be  obtained  of  some  dealers  in  dairy  supplies.  A  homemade  test, 
however,  can  be  improvised  which  will  give  good  results. 

>BaL67. 
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HOBCE-MAOE  TEST. 


The  apparatof  for  the  test  (see  figs.  1  and  2)  consists  of  a  wash  tnb  that  is  half  filled 
with  warm  watery  set  of  pint  fruit  jars  (C)  for  the  different  samples,  a  pipette  (P) 
for  measuring  the  rennet,  and  a  case  knife  (K)  for  breaking  the  curd. 


Fig.  1.— The  home-made  curd  test:  C,  cans  used  to  hold  sample;  P,  pipette  for  measuring  rennet; 

K,  knife  for  breaking  curd. 

How  to  make  a  test— To  make  a  test  fill  a  jar  half  full  of  milk.  Set  samples  in  the 
tnb  and  fill  the  same  half  full  of  warm  water.  Usually  water  at  115^  F.  will  raise 
the  temperature  of  the  milk  to  the  desired  point,  viz,  98"^.  If  the  milk  is  very  cold, 
care  should  be  taken  not  to  use  too  hot  water,  to  prevent  cracking  the  ja 


Fio.  2 — Different  stages  of  horoe-mnde  test:  A,  niilk;  B,  broken  curd  in  whey,  C,  matted  cord. 

When  the  temperature  of  the  milk  reaches  98^  F.  add  to  each  sample,  by  means  of 
a  pipette,  10  drops  of  rennet  extract  and  mix  thoroughly.  Allow  the  jars  to  remain 
undisturbed  until  milk  is  curdled,  then  break  the  curd  into  small  particles  by  stir- 
ring with  a  case  knife,  in  order  to  better  expel  the  whey.  In  using  thermometers 
for  taking  temperatures,  or  knife  for  cutting  the  curds,  care  should  be  taken  to  rinse 
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after  using  in  each  sample,  so  as  to  prevent  the  transference  of  many  organisms  from 
one  sample  to  another. 

The  whey  should  be  poured  off  as  soon  as  the  curd  settles  to  the  bottom,  this  process 
being  repeated  at  frequent  intervals  un  til  the  curd  mats  into  a  solid  mass.  This  expels 
the  excess  of  whey  which  contains  the  fermentable  sugar,  thereby  simulating  cheese 
conditions  more  closely.  The  temperature  of  the  surrounding  water  should  be  main- 
tained from  six  to  eight  hours,  to  favor  a  rapid  development  of  the  contained  organisms. 

This  improvised  apparatus  will  enable  any  cheese  maker  to  use  the  test  with  sat- 
isfactory results,  but  time  can  be  saved  and  greater  convenience  secured  if  apparatus 
is  devised  for  the  particular  purpose  in  hand.  When  the  curd  test  is  in  constant  use 
some  such  apparatus  as  that  described  below  will  be  well  worth  the  expense. 

IMPROVED  CURD  TEST. 

The  improved  apparatus  shown  in  figs.  3  and  4  has  the  following  points  of 
advantage  over  the  improvised  test  already  described; 

(1)  A  water  box  with  a  close-fitting  cover  permits  of  a  retention  of  the  desired 
temperature  for  a  much  longer  period  of  time  than  an  open  tub.  This  is  important 
if  the  weather  is  cool. 


WS 


Flournoy  d«l 

Fio.  3.— Section  of  improved  card  test:  TJ,  TJ".  test  Jars  showing  different  stages  of  test;  WL 
water  line;  M,  milk;  F  frame;  WS,  wire  standard  to  support  cover;  AI,  drain  holes;  WO,  whey' 
outlet;  DP,  drain  pail. 

(2)  A  faucet  in  the  bottom  allows  the  water  to  be  drawn  off  and  replaced  with 
warm  water  without  handling  the  bottles,  thereby  saving  time  and  labor. 


Fig.  4.— Improved  test  bottle:  A,  test  bottle  complete;  S,  sieve;  DH,  drain  holes  in  cover;  B,  test 
bottle  showing  construction  of  cover;  C,  outer  cover;  S,  sieve. 

(3)  A  rack  (F)  holds  the  bottles  (T  J)  in  place;  without  this  rack  the  bottles  tip 
over  easily  in  the  water  when  the  whey  has  been  emptied. 

(4)  The  bottles  have  a  large  top  and  straight  sides,  bo  that  the  curd  can  be  more 
easily  removed.    The  bottles  are  more  easily  cleaned  on  this  aoooant. 
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(5)  The  strainer  (S)  in  the  top  enables  the  operator  to  place  the  bottle  in  an  inclined 
position  to  let  the  whey  drain  onib.  The  whey  can  thus  be  more  quickly  and  com- 
pletely  removed.    •    •    * 

INTERPRETATION  OF  RESULTS. 

If  the  milk  contains  no  deleterious  bacteria  the  curd  when  cut  will  present  a  firm, 
even  texture,  as  shown  in  fig.  5.  If  gas-producing  bacteria  are  present  the  texture 
of  the  curd  will  be  more  spongy,  the  cut  surface  showing  a  number  of  holes  varying 
in  size,  depending  upon  the  prevalence  and  gas-producing  ability  of  the  undesirable 
bacteria,  as  shown  in  tigs.  6  and  7. 


Flo.  5. — Card  from  good  milk.    Large,  irregular  holen  meohanioal. 


Fia,  6.— Card  from  bad  milk.    Large,  irregular  holes  mechanical,  email  pin  holes  doe  to  gas. 


Fio.  T.'Floating  curd  from  very  bad  milk.    Condition  reached  by  farther  development  of  fig.  S,  or  a 
greater  number  of  gas-produdng  baotsiriai 
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Care  should  be  taken  to  discriminate  between  pnrely  mechanical  holes  that  are 
formed  by  the  failare  of  the  curd  to  mat  closely  and  those  cansed  by  the  fermenta- 
tion of  gas.  Mechanical  holes  are  irregular  in  form  and  more  variable  in  size,  while 
holes  formed  by  gas  are  circular  in  outline  and  more  uniformly  distributed  through- 
out the  whole  mass  of  curd.     •     •    • 

It  should  be  borne  in  mind  that  the  formation  of  gas  is  generally  accompanied 
with  the  production  of  other  decomposition  products  that  possess  more  or  less  pro- 
nounced undesirable  flavors  and  odors,  and  that  the  injury  to  the  cheese  is  due  to 
this  more  than  to  the  mere  mechanical  presence  of  gas.  It  is  also  possible  that 
taints  may  be  produced  by  bacterial  decomposition  in  cases  where  no  gas  is  formed. 
*  *  *  Those  bacteria  that  find  their  way  into  the  milk  through  the  introduction 
of  filth  and  dust  are  particularly  prone  to  produce  this  change,  and  this  type  of  fer. 
mentation  is  very  often  found  during  the  summer  months.  In  the  curd  test  such 
milks  are  not  condemned  upon  the  texture  of  the  curd,  but  upon  the  odor,  which  is 
more  or  less  pronounced  when  the  bottles  are  opened. 

This  test  has  been  Rnecessfully  used  both  at  the  station  and  in  a 

number  of  factories  in  diflFerent  parts  of 
Wisconsin  and  has  proved  in  the  hands  of 
the  factory  operator  to  be  an  effective 
means  of  detecting  tainted  milk,  and  has 
been  ^<  especially  useful  in  helping  to  solve 
the  controversies  that  arise  in  every  fac- 
tory between  maker  and  patrons  as  to  the 
presence  and  origin  of  tainted  milks.'^ 

THE  GAPE  DISEASE  OF  CmCKEHS. 

This  common  and  destructive  disease  of 
chickens  is  due  to  the  presence  in  the  wind- 
pipe of  the  gapeworm,  known  to  scientists 
as  Syngamus  trachealis.  "These  worms 
obstruct  the  passage  of  air  to  and  from 
the  lungs  (fig.  8),  and  thus  occasion  the 
characteristic  gasping  movements  of  the 
suffering  chicks."  This  disease  has  been 
Fio.  8.-Dis«ectioii  of  a  cbick  aff^ted  carcfully  studicd  by  the  Kentucky  Station. 

with  gapes,  the  trachea  pinned  open:     It  waS  found  that  "the  COmmonly  TCCOm- 

mended  practice  of  introducing  into  the 
trachea  a  partly  stripped  feather,  or  a  blue- 
grass  top,  and  by  a  twisting  motion  dis- 
lodging and  removing  the  worms  does  not 
seem  to  •  •  •  be  practicable  for  very 
young  chicks.  The  trachea  is  so  small 
and  so  easily  injured  that  it  is  impossible 
to  dislodge  and  remove  all  of  the  worms  by  such  means.  •  *  • 
Chicks  generally  recover  without  treatment  when  they  are  attacked 
after  they  are  half  grown,  and  hence  fowls  that  might  from  their 
size  be  treated  successfully  with  a  feather  do  not  require  treatment 
of  any  sort.    It  is  the  very  young  chicks  that  suffer  most,  and  the 


A,  the  glottis  or  opening  through 
which  air  enters  the  trachea  from  the 
month;  B,  the  cat  end  of  the  (esoph- 
agus; C,  the  cut  neck;  D,  the  open 
trachea  with  gapcwormt  attached  to 
its  wall;  £,  the  bronchial  or  lung 
tubes,  one  for  each  long;  F,  the 
lungs;  G,  a  pair  of  gapeworms,  the 
smaU  male  being  permanently  at- 
tached to  the  female. 


Digitized  by  VjOOQ IC 


29 

only  remedial  treatment  in  their  case  that  seems  to  be  saccessfhl  is 
rubbing  the  neck  from  time  to  time  with  lard  or  vaseline,  thoroughly 
mixed  with  a  little  turpentine  (three  parts  of  the  lard  or  vaseline  to  one 
part  of  turpentine).  This  treatment  should  begin  before  the  disease 
makes  its  appearance.  It  will  not  help  a  chick  in  the  last  stages  of  the 
disease.  Pure  turpentine  will  very  quickly  kill  a  chick  when  rubbed 
on  the  neck  over  the  trachea." 

A  French  scientist  (Megnin)  asserts  that  the  use  of  pounded  garlic 
with  the  usual  food  (one  garlic  bulb  to  ten  birds  daily),  supplemented 
by  speeial  care  in  the  use  of  only  pure  water,  which  is  changed  several 
times  a  day,  has  been  found  to  completely  eradicate  gapes  fi'om  pheas- 
ants. This  is  a  simple  treatment,  and  there  is  no  apparent  reason  why 
it  should  not  prove  as  effective  with  chickens  as  with  pheasants. 

Experiments  by  the  Kentucky  Station  show  that  chickens  contract 
the  disease  when  allowed  to  run  on  soil  which  has  become  infested  with 
the  gapeworm  or  when  fed  earthworms,  and  ^Hhat  keeping  chicks  on  a 
plank  floor  for  several  weeks  after  they  hatch  will  prevent  the  gapes. 
It  is  [probable]  that  the  same  result  would  be  obtained  by  simply  ele- 
vating an  earthen  floor  above  the  surrounding  level,  so  that  it  would 
not  retain  moisture.  It  must  be  remembered,  though,  that  after  the 
disease  is  established  in  a  brood  it  will  be  conveyed  from  one  to  another 
through  the  medium  of  food  and  drink,  and  in  such  case  a  plank  floor 
would  not  alone  save  it.  In  case  the  disease  should  be  introduced  by 
chicks  which  had  contracted  it  elsewhere,  the  proper  treatment  would 
be  to  isolate  affected  individuals  as  soon  as  discovered  and  medicate 
the  drinking  water  of  the  rest." 

It  has  been  claimed  that  hens  may  be  infesteil  with  the  gapeworm 
without  showing  any  evidence  of  the  fact,  and  may  thus  be  the  means 
of  transmitting  the  disease  to  the  chicks.  If  this  be  true,  it  becomes 
important  to  see  that  the  brood  hen  is  free  from  the  disease  before  the 
chicks  are  hatched. 
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EXPLANATION  OF  TERMS. 


TERMS  USED  IN  DISCUSSINa  FERTILIZERS. 

Complete  fertilizer  is  one  which  contains  the  three  essential  fertillzini^  constitn- 
ents,  i.  e.,  nitrogen,  phosphoric  acid,  and  potash. 

Nitrogen  exists  in  fertilizers  in  three  distinct  forms,  viz,  as  organic  matter,  as 
ammonia,  and  as  nitrates.    It  is  the  most  expensive  fertilizing  ingredient. 

Organic  nitrogen  is  nitrogen  in  comhination  with  other  elements  either  as  vege- 
table or  animal  matter.  The  more  valnable  sources  are  dried  blood,  dried  meat, 
tankage,  dried  lish,  and  cottcn-seed  meal. 

Ammonia  is  a  compound  of  nitrogen  more  readily  available  to  plants  than  organic 
nitrogen.  The  most  common  form  is  salphate  of  ammonia,  or  ammoninm  sulphate. 
It  is  one  of  the  first  products  that  results  from  the  decay  of  vegetable  or  animal 
substances. 

Nitrates  furnish  the  most  readily  available  forms  of  nitrogen.  The  most  common 
are  nitrate  of  soda  and  nitrate  of  potash  (saltpeter). 

Phosphoric  acid,  one  of  the  essential  fertilizing  ingredients,  is  derived  from 
materials  called  phosphates.  It  does  not  exist  alone,  but  in  combination,  most  com- 
monly as  phosphate  of  lime  in  the  form  of  bones,  rock  phosphate,  and  phosphatic 
slag.  Phosphoric  acid  occurs  in  fertilizers  in  three  forms— soluble,  reverted,  and 
insoluble  phosphorio  acid. 

Superphosphate. — In  natural  or  untreated  phosphates  the  phosphoric  acid  is 
insoluble  in  water  and  not  readily  available  to  plants.  Superphosphate  is  prepared 
from  those  by  grinding  and  treating  with  sulphuric  acid,  which  makes  the  phos- 
phoric acid  more  available  to  plants.  Superphosphates  are  sometimes  called  acid 
phosphates. 

Potash,  as  a  constituent  of  fertilizers,  exists  in  a  number  of  forms,  but  chiefly  as 
ohlorid  or  muriate  and  as  sulphate.  All  forms  are  freely  soluble  in  water  and  are 
believed  to  be  nearly,  if  not  quite,  equally  available,  but  it  has  been  found  that  the 
chlorids  may  injuriously  affect  the  quality  of  tobacco,  potatoes,  and  certain  other 
crops.  The  chief  sources  of  potash  are  the  potash  salts  from  StJissfurt,  Germany — 
kainit,  sylvinit,  muriate  of  potash,  sulphate  of  potash,  and  sulphate  of  potash  and 
magnesia.    Wood  ashes  and  cotton-hull  ashes  are  also  sources  of  potash. 

TERMS  USED  IN  DISCUSSING  FOODS  AND  FEEDING  STUFFS. 

"Water  is  contained  in  all  foods  and  feeding  stuffs.  The  amount  varies  from  8  to 
15  pounds  per  100  pounds  of  such  dry  materials  as  hay,  straw,  or  grain  to  80  pounds 
in  silage  and  90  pounds  in  some  roots. 

Dry  matter  Is  Dhe  portion  remaining  after  removing  or  excluding  the  water. 

Ash  is  what  is  left  when  the  combustible  part  of  a  feeding  stuff  is  burned  away. 
It  consiste  chiefly  of  lime,  magnesia,  potash,  soda,  iron,  chlorin,  and  carbonic,  sul- 
phuric, and  phosphorio  acids,  and  is  used  largely  in  making  bones.  Part  of  the  ash 
constituents  of  the  food  is  stored  up  in  the  animaVs  body ;  the  rest  is  voided  in  the 
urine  and  manure. 
30 


Digitized  by  VjOOQ IC 


31 

Protein  (nitrogenous  matter)  is  the  Dame  of  a  group  of  snbstances  containing 
nitrogen.  Protein  furnishes  the  materials  for  the  lean  flesh,  blood,  skin,  muscles, 
tendons,  nerves,  hair,  horns,  wool,  casein  of  milk,  albumen  of  eggs,  etc.,  and  is  one 
of  the  most  important  constituents  of  feeding  stuffs. 

Oluten  is  the  name  given  to  one  of  the  most  important  of  the  nitrogenous  sub- 
stances classed  together  under  the  general  term  ''protein."  ''  Wheat  gum,''  obtained 
by  carefully  chewing  wheat,  is  a  familiar  example.  It  is  the  gluten  of  flour  that 
gives  consistency  to  the  dough. 

Carbohydrates. — The  nitrogen-free  extract  and  fiber  are  often  classed  together 
under  the  name  of  carbohydrates.  The  carbohydrates  form  the  largest  part  of  all 
vegetable  foods.  They  are  either  stored  up  as  fat  or  burned  in  the  body  to  produce 
heat  and  energy.  The  most  common  and  important  carbohydrates  are  sugar  and 
starch. 

Fiber,  sometimes  called  crude  cellulose,  is  the  framework  of  plants,  and  is,  as  a 
rule,  the  most  indigestible  constituent  of  feeding  stufle.  The  coarse  fodders,  such 
as  hay  and  straw,  contain  a  moch  larger  proportion  of  fiber  than  the  grains,  oil 
cakes,  etc. 

Nitrogen-free  extract  includes  starch,  sugar,  gums,  and  the  like,  and  forms  an 
important  part  of  all  feeding  stufls,  but  especially  of  most  grains. 

Fat,  or  the  materials  dissolved  from  a  feeding  stuff  by  ether,  is  a  substance  of 
mixed  character,  and  may  include,  besides  real  fats,  wax,  the  green  coloring  matter 
of  plants,  etc.  The  fat  of  food  is  either  stored  up  iu  the  body  as  fat  or  burned  to 
furnish  heat  and  energy. 

MISCELLANEOUS  TERMS. 

Biioro-organism,  or  microscopic  organism,  is  a  plant  or  animal  too  small  to  be 
seen  without  the  aid  of  a  compound  microscope. 

Bacterium  (plural,  Bacteria)  is  the  name  applied  iu  common  to  a  number  of  difier- 
ent  or  closely  related  microscopic  organisms,  all  of  which  consist  of  single  short 
cylindrical  or  elliptical  cells  or  two  such  cells  joined  end  to  end  and  capable  of 
spontaneous  movemeut.  Many  kinds  of  bacteria  are  harmful  and  cause  diseases  and 
other  injurious  efiects,  but  many  are  beneficial.  Among  the  latter  are  those  which 
give  aroma  to  tobacco  and  flavor  to  butter  and  cheese,  and  those  which  enable 
leguminous  plants  to  use  the  free  nitrogen  of  the  air. 

Culm. — The  stem  or  straw  of  grains  and  grasses. 

Node. — That  part  of  the  stem  (usually  somewhat  enlarged  and  hardened,  espe- 
cially in  grains  and  grasses)  to  which  the  leaves  are  attached. 

Intemode. — The  part  of  the  stem  between  the  nodes. 

Chlorophyll.— The  green  coloring  matter  of  plants. 

Lactation. — The  formation  or  secretion  of  milk.  The  ''period  of  lactation ''  as 
applied  to  cows  means  the  length  of  time  since  calving  that  they  have  been  giving 
milk. 
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FARMERS'  BULLETINS. 


The  following  is  a  list  of  the  Fanners'  Bulletins  available  for  distribution,  showing 
the  number,  title,  and  size  in  pages  of  each.  Copies  will  be  sent  to  any  addrera 
on  apphcation  to  Senators,  Representatives,  and  Del^atee  in  Congress,  or  to  the  Secre- 
tary of  Apiculture,  Washington,  D.  C.  The  missing  numbers  have  been  discon- 
tinued, bemg  superseded  by  later  bulletins. 
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LETTER  OF  TRANSMITTAL 


U,  S.  Department  of  Ageicultubb, 

Office  of  Experiment  Stations, 

Washington,  D.  C,  October  31, 1898. 
Sir:  I  have  the  honor  to  traDSinit  herewith  an  article  0:1  fish  as  food, 
prepared  by  0.  F.  Laugworthy,  of  this  Office,  under  the  supervision  of 
Prof.  W.  O.  Atwater,  special  agent  in  charge  of  nutrition  investigations, 
in  accordance  with  instructions  given  by  the  Director  of  tliis  Office. 

The  article  is  largely  based  on  the  investigations  of  Professor  Atwater 
on  the  chemical  composition  and  nutritive  values  of  food  fishes  and 
aquatic  invertebrates,  tlio  results  of  which  were  published  in  the  reports 
of  the  United  States  Fish  Commission  for  1S80, 18S3,  and  1888.  Other 
publications  of  the  Fish  Commission  as  well  as  rei>orts  of  the  New 
Jersey  Experiment  Stations  (1888-1892)  have  been  consulted,  material 
from  other  authoritative  sources  has  alsp  been  incorporated,  and  the 
practical  application  of  scientific  investigations  regarding  the  food 
value  of  fish  has  been  pointed  out  and  illustrated.  The  publication  ol 
this  article  as  a  Farmers'  Bulletin  is  respectfully  recommended. 
Respectfully, 

A.  0.  Trcje, 

Director. 
Hon.  James  Wilson, 

Secretary  0/  Agriculture. 
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FISH  AS  FOOD. 


IHTEODTICTIOir. 

As  ordinarily  used,  tbe  term  fish  inclades,  besides  the  fish  proper, 
many  other  water  animals,  as  oysters,  clams,  and  other  niollusks;  lob- 
sters, crawfish,  crabs  and  shrimps;  and  tartle  and  terrapin.  Tbe  term 
sea  food  is  often  used  to  cover  the  whole  group,  or,  more  particularly, 
salt  water  food  products  as  distinguished  from  thdse  of  fresh  water. 

Fish  in  one  form  or  another  is  almost  universally  recognized  as  one 
of  the  important  food  materials,  and  enters  to  a  greater  or  less  extent 
into  the  diet  of  very  maoy  if  not  most  American  families.  Few,  how- 
ever, have  any  adequate  conception  of  the  great  importance  of  the 
fisheries  of  the  United  States  and  of  the  immense  amount  of  nutritive 
material  which  is  every  year  taken  from  the  salt  and  fresh  waters  of 
tbis  country.  From  recent  data  collected  by  the  United  States  Fish 
Commission,  it  appears  that  more  than  616,000,000  pounds  of  fish,  crus- 
taceans, etc.,  are  annually  taken  from  the  waters  of  the  Kew  England 
States;  over  596,000,000  pounds  from  the  Middle  Atlantic  States;  over 
59,000,000  from  the  South  Atlantic  States;  84,000,000  from  the  Gulf 
States ;  147,000,000  from  the  Pacific  States,  and  64,000,000  from  Alaska. 
The  products  of  the  fisheries  of  the  Great  Lakes  exceed  108,000,000 
pounds  annually  and  tbe  interior  fisheries  19,000,000  pounds.  In  the 
case  of  such  products  as  clams,  scallops,  and  oysters  the  weight  of  tbe 
edible  portion  only  has  been  taken  into  account.  The  interior  fisheries 
of  Vermont  are  included  with  those  of  New  England,  the  fisheries  of 
Kew  York  and  Pennsylvania  on  the  Great  Lakes  with  those  of  the 
Middle  Atlantic  States,  and  the  fisheries  of  the  east  coast  of  Florida 
with  those  of  the  Gulf  States.  The  data  for  the  Great  Lakes  embrace 
only  those  States  not  having  coast  fisheries,  but  include  tbe  fisheries  of 
the  Ohio  Eiver  for  Ohio,  Indiana,  and  Illinois.  The  figures  for  tbe  inte- 
rior States  are  confined  to  States  not  having  coast  or  Great  Lake 
fisheries.  In  addition,  thousands  of  pounds  of  fish  are  annually  caught 
by  sportsmen,  but  statistics  of  the  amount  are  not  available. 

The  total  weight  of  these  products  as  they  leave  tbe  hands  of  the 
fishermen  is  about  1,696,000,000  pounds,  representing,  as  the  value  of 
the  catch,  $47,180,000.  By  the  processes  of  canning,  salting,  smoking^ 
and  otherwise  preserving,  the  value  of  the  fish  is  very  much  increased. 

Of  the  very  large  quantity  of  fish  annually  placed  on  tbe  American 
market,  the  greater  part  is  consumed  at  home,  although  a  portion  is 
prepared  in  various  ways  for  export 
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The  preference  for  fresh- water  or  salt-water  fish  is  a  matter  of  iDcli- 
vidaal  taste.  Both  are,  so  far  as  known,  equally  wholesome.  The 
market  value  of  fish  is  affected  by  various  conditions.  Among  these 
are  the  locality  from  which  they  come,  the  season  in  which  they  are 
taken,  and  the  food  on  which  they  have  grown.  In  general,  it  may  be 
said  that  fish  from  clear,  cold,  or  deep  water  are  regarded  as  preferable 
to  those  from  shallow  or  warm  water,  while  fish  taken  in  waters  with  a 
rocky  or  sandy  bottom  are  preferable  to  those  from  water  with  a  muddy 
bottom.  Some  fish,  for  instance  shad,  are  at  their  best  during  the 
spawning  season,  while  others  should  not  be  eaten  during  this  period. 
Those  fish  which  feed  <m  small  erustaeea  and  other  forms  of  animal  and 
vegetable  life,  which  are  th«ir  natural  food,  are  preferable  to  those  living 
upon  sewage  and  other  matter  which  may  contaminate  the  waters. 
(See  p.  29.) 

The  mode  of  capture  also  affects  the  market  value.  Fish  caught  by 
the  gills  and  allowed  to  die  in  the  water  by  slow  degrees,  as  is  the  case 
where  gill  net«  are  used,  undergo  decompofsition  very  readily  and  iire 
inferior  for  food.  Fish  are  often  landed  alive  and  allowed  to  die  slowly. 
This  custom  is  not  only  inhumane,  but  lessens  the  value  of  the  fish.  It 
has  been  found  that  fish  killed  immediately  after  catching  remain  firm 
and  bear  shipment  better  than  those  allowed  to  die  slowly.  The  quality 
of  the  fish  is  often  injured  by  improper  handling  in  the  fishing  boats 
before  placing  on  the  market.  Improvement  in  chilling  apparatus 
and  in  other  lines  have  made  it  possible  to  bring  fish  to  market  from 
distant  fishing  grounds  in  good  condition. 

The  flavor  of  oysters  is  affected  more  or  less  by  the  locality  in  which 
they  have  grown,  those  from  certain  regions  being  regarded  as  of  very 
superior  quality.  The  season  of  the  year  affects  the  market  value  of 
oysters,  although  it  is  noticeable  that  as  methods  of  transportation 
and  preservation  improve,  the  oyster  season  becomes  longer.  This  may 
also  be  said  of  lobsters,  crabs,  etc.  Extended  investigations,  including 
the  conditions  affecting  the  growth  and  food  value  of  oysters,  their 
parasites  and  diseases,  etc.,  have  been  carried  on  by  the  New  Jersey 
Experiment  Stations.  These  investigations  have  shown  that  oysters 
rapidly  deteriorate  when  removed  from  the  water,  through  the  ferment- 
ative action  of  bacteria;  and  that  oysters  in  spawn  deteriorate  more 
rapidly  than  at  any  other  season  at  the  same  temperature.  However, 
oysters  which  are  ready  to  spawn  are  considered  especially  palatable  if 
cooked  soon  after  removal  from  Uie  sea  bed. 

PBEPAEnrO  FISH  FOE  MABEET. 

Fish  are  sold  either  <<  round,"  i.  e.,  whole,  or  dressed.  Sometimes  only 
the  entrails  are  removed.  Often,  however,  especially  when  dressed  for 
cooking,  the  head,  fins,  and,  less  frequently,  the  bones,  are  removed. 
This  entails  a  considerable  loss  in  weight  as  well  as  of  nutritive  materiaL 
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It  bas  been  assumed  that  in  dressing  fish  the  following  percentages  are 
lost:  Large-mouthed  black  bass,  sea  bass,  cisco,  kingfisb^  mullet,  white 
perch,  pickerel,  piko,  tomcod,  weakfish,  and  whitefish,  each,  17^  per 
cent;  smaUmouthed  black  bass,  eel,  Spanish  mackerel,  porgy,  and  turbot, 
each,  13^  per  cent;  butterflsh,12^percent;  shad,  11  per  cent;  and  brook 
trout,  16^  per  cent.  More  recent  figures  for  loss  in  weight  in  dressing 
are  as  follows:  Bullhead,  50  per  cent;  bufialo-fish  and  lake  sturgeon, 
40  per  cent;  carp  and  sucker,  35  i>er  cent;  fresh-water  shecpshead,  23 
per  cent;  grass  pike,  black  bass,  white  bass,  yellow  perch,  and  salmon, 
15  per  cent;  and  eels,  10  per  cent. 

Fresh-water  and  salt-water  fish  alike  are  offered  for  sale  as  taken 
from  the  water,  and  preserved  in  a  number  of  ways.  In  some  cases 
preservation  is  only  to  insure  transportation  to  remote  points  in  good 
condition.  Low  temperature  is  the  means  most  commonly  employed 
for  this  purpose.  By  taking  advantage  of  the  recent  improvements  in 
apparatus  and  m^bods  of  chilling  and  freezing,  fish  may  be  shipped 
long  distances  and  kept  a  long  time  in  good  condition.  Some  of  the 
dangers  from  eating  fish  which  is  not  in  good  condition  are  pointed  out 
on  page  29. 

Large  quantities  of  fish  are  dried,  salted,  and  smoked,  the  processes 
being  employed  alone  or  in  combination.  These  methods  insure  pres- 
ervation, but  at  the  same  time  modify  the  flavor.  Several  fish  products 
are  also  prepared  by  one  or  more  of  these  processes.  Caviare,  which 
may  be  cited  as  an  examplCi  is  usually  prepared  from  sturgeon  roe  by 
salting.  The  methods  of  salting  and  packing  vary  somewhat  and  give 
rise  to  a  number  of  varieties.  Although  formerly  prepared  almost 
exclasively  in  Eussia,  caviare  is  now  made  to  a  large  extent  in  the 
United  States. 

When  fish  are  salted  and  cured,  there  is  a  considerable  loss  in  weight 
due  to  removal  of  the  entrails,  drying,  etc.  Oodfish  lose  GO  per  cent 
in  preparation  for  market.  If  the  market-dried  fish  is  boned,  there  is  a 
fiirther  loss  of  20  per  cent.  The  loss  in  weight  of  pollock  from  the 
round  to  the  market-dried  fish  is  60  per  cent;  haddock,  62  per  cent; 
bake,  56  per  cent;  and  cusk,  51  per  cent. 

The  canning  industry  has  been  enormously  developed  in  recent  years 
and  thousands  of  pounds  of  fish,  oysters,  lobsters,  etc,  are  annually 
preserved  in  this  way.  In  canning,  the  fish  or  other  material  is  heated 
(the  air  being  sometimes  exhausted  also)  to  destroy  micro-organisms, 
and  sealed  to  prevent  access  of  air  which  would  introduce  micro- 
iNrganisms  as  well  as  oxygen.  Thus  the  canned  contents  are  preserved 
from  oxidation  and  decomposition.  The  processes  of  canning  have  been 
amch  improved,  so  that  the  original  flavor  is  largely  retained,  while 
the  goods  may  be  kept  for  an  indefinite  period.  Fish,  as  well  as  meat, 
10  usually  canned  in  its  own  juice  or  cooked  in  some  form.  Sardines 
and  some  other  fliriies  are  commonly  preserved  by  canning  in  oiL 

Various  kinds  of  fish  extract,  clam  juice,  etc.,  are  offered  for  safe. 
These  are  similar  in  form  to  meat  extract    There  are  also  a  number  at 
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ftsli  pastes  and  similar  products — anchovy  paste,  for  instance — which 
are  used  as  relishes  or  condiments. 

Preservatives  such  as  salicylate  of  soda  are  employed  to  some  extent 
in  fish  and  especially  oysters  for  shipping.  The  extended  use  of  such 
materiaid  is  not  desirable  since  some  of  them  are  justly  regarded  as 
harmful. 

Oysters  and  other  shellfish  are  placed  on  the  market  alive  in  the 
shell  or  are  removed  from  the  shell  and  kept  in  good  condition  by  chill- 
ing or  other  means.  Oysters  in  the  shell  are  usually  transported  in 
barrels  or  sacks.  Shipment  is  made  to  far  inland  points  in  refrigerator 
cars  and  to  Europe  in  the  cold-storage  chambers  of  vessels.  Large 
quantities  of  shellfish  are  also  canned.  Oysters  are  often  sold  as  they 
are  taken  from  the  salt  water.  However,  the  practice  of  '*  freshening,'^ 
"fattening,"  or  "floating"  is  very  widespread — that  is,  oysters  are 
placed  in  fresh  or  brackish  water  for  a  short  period.  They  become 
plump  in  appearance  and  have  a  different  flavor  from  those  taken 
directly  from  salt  water  (see  p.  16).  As  noted  on  page  29,  care  should 
be  taken  that  the  oysters  are  fattened  in  water  which  is  not  contami- 
nated by  sewage. 

Lobsters,  crabs,  and  other  Crustacea  are  usually  sold  alive.  Some- 
times they  are  boiled  before  they  are  placed  on  the  market.  Large 
quantities  of  lobsters,  shrimps,  and  crabs  are  canned. 

Turtle  and  terrapin  are  usually  marketed  alive.  Turtle  soup,  how- 
ever, is  canned  in  large  quantities.  Frogs  are  marketed  alive  or 
dressed.  The  hind  legs  only  are  commonly  eaten.  Frogs  may  be  eaten 
in  all  seasons,  but  are  in  the  best  condition  in  the  fall  or  winter. 

HTJTBinVE  VALUE  OF  FISH. 
COBfPOSITION  OF  FISH. 

Fish  contain  the  same  kind  of  nutrients  as  other  food  materials. 
In  general  it  may  be  said  that  food  (fish,  meat,  cereals,  vegetables,  etc.) 
serves  a  twofold  purpose:  It  supplies  the  body  with  material  for  build- 
ing and  repairing  its  tissues  and  fluids,  and  serves  as  fuel  for  main- 
taining body  temx>eratare  and  for  supplying  the  energy  necessary  for 
muscular  work. 

The  body  is  like  a  machine,  with  food  for  its  fuel.  The  body  differs 
from  a  machine,  however,  in  that  the  fuel,  i.  e.,  food,  is  used  to  build  it 
asfvell  as  supply  it  with  energy.  Further,  if  the  body  is  supplied 
with  more  food  than  is  needed,  the  excess  can  be  stored  as  reserve 
material,  usually  in  the  form  of  fat  In  the  furnace  fuel  is  burned 
quickly,  yielding  heat  and  certain  chemical  products— carbon  dioxid^ 
water  vapor,  and  nitrogen.  In  the  body  the  combustion  takes  place 
much  more  slowly,  but  in  general  the  flnal  products  are  the  same.  The 
combustion  of  nitrogen  is,  however,  not  so  complete  as  in  a  furnace. 
Due  allowance  is  made  for  this  fact  in  calculations  involving  the  ques- 
tion of  the  energy  which  food  will  fiimislu 
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Food  consists  of  ui  edible  portion  and  refose^  L  e.,  bones  of  ilsh  and 
meat,  shells  of  oysters^  bran  of  wheat,  etc.  Although  foods  are  so  dif- 
ferent in  appearance,  chemical  analysis  shows  that  they  are  all  made 
up  of  a  comparativcdy  small  number  of  chemical  comi)oands*  These 
are  water  and  the  so-called  nutrients,  prc^in  or  nitrogenous  materi- 
als, fat,  carbohydrates,  and  ash,  or  mineral  matter.  Familiar  examples 
of  protein  are  lean  of  meat  and  fish,  white  of  egg,  casein  of  milk  (and 
cheese),  and  gluten  of  wheaL  Fat  is  found  in  fat  meats,  flsh^  lard,  fat 
of  milk  (butter),  and  oils,  such  as  olive  oiL  Starches,  sugars,  and  woody 
fiber  or  cellulose  form  the  bulk  of  the  carbohydrates.  Certain  carbo- 
hydrates are  found  in  meat  and  fish,  although  the  amount  is  not  large. 
The  protein,  fats,  and  carbohydrates  are  all  organic  substances — that 
is,  they  can  be  burned  with  the  formation  of  various  gases,  chiefly  car- 
bon dioxid  and  water,  leaving  no  solid  residue.  The  mineral  matters 
wUl  not  bum  and  are  left  behind  when  organic  matter  is  ignited.  By 
analysis  the  nutrients  have  been  found  to  be  made  up  of  a  compara- 
tively small  number  of  chemical  elements  in  varying  combinations. 
These  are  nitrogen,  carbon,  oxygen,  hydrogen,  phosphorus,  sulphur,  cal- 
cium, magnesium,  sodium,  potassium,  silieon,  chlorin,  flu<»rin,  and  iron. 
Doubtless  no  single  nutrient  contains  all  these  elements.  The  body 
tissues  and  fluids  contain  nitrogen;  and  hence  jirotein,  which  alone 
supplies  nitrogen  to  the  body,  is  a  necessary  factor  in  food.  All  the 
nutrients  except  mineral  matter  contain  carbon,  oxygen,  and  hydrogen, 
and  can  supply  them  to  the  body.  Protein,  fat^  and  carbohydrates  are 
all  sources  of  energy. 

The  value  of  a  food  for  building  and  repairing  the  body  is  shown  by 
its  chemical  composition — ^that  is^  by  the  amount  of  the  different  nutri- 
ents which  it  contains.  Some  other  means  are  necessary  to  show  its 
value  as  a  source  of  energy.  It  is  known  that  all  energy  may  be  meas- 
ured in  terms  of  heat.  In  order  to  have  some  measure  for  expressing 
the  amount  of  heat,  the  calorie  is  taken  as  a  unit.  Boughly  speaking, 
this  is  the  amount  of  heat  required  to  ixuse  the  temperature  of  1  x>ound 
of  water  4<^  F.  One  pound  of  sugar  or  starch  would,  if  burned  and  all 
tiie  heat  utilized,  raise  1,860  pounds  of  water  4  degrees  in  temperature; 
or  it  would  raise  5  gallons  of  water  from  the  freezing  point  to  the  boil- 
ing point,  but  would  not  cause  it  to  boil. 

The  number  of  calories  which  different  foods  will  supply  may  be 
determined  by  burning  them  in  an  apparatus  called  a  calorimeter,  or 
by  taking  the  sum  of  the  calories  which  it  is  calculated  the  protein,  fat, 
and  carbohydrates  making  up  the  food  would  furnish.  It  has  been 
fimnd  by  experiment  that  the  fuel  value  of  a  pound  of  protein  as  ordi- 
narily burned  in  the  body  is  1,860  calories  j  the  fuel  value  of  a  pound 
of  carbohydrates  is  the  siame;  while  that  of  a  pound'  of  fat  is  ^  times 
as  great. 

The  value  of  a  food  is  usually  judged  by  several  differ^it  standards, 
^us  it  must  be  digestible  and  palatable,  furnish  the  nutrients  needed 
by  the  system  in  proper  amounts,  Mid  be  reasonably  cheap. 
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The  relative*  uutritive  value  of  any  food  is  shown  by  comparing  its 
composition  with  other  foods.  Table  1  shows  the  composition  of  a 
number  of  food  fishes,  fresh  and  preserved  in  a  variety  of  ways;  oysters, 
clams,  and  other  mollusks;  lobsters, shrimps, crawfish,  and  crabs;  turtle 
and  terrapin,  and  frogs'  legs.  For  purposes  of  comparison  the  analyses 
of  a  number  of  kinds  of  meat,  vegetables,  and  other  common  food 
materials,  arc  included. 

In  several  cases  the  analysis  of  fish,  whole  and  dressed,  is  given. 
Usually  the  composition  of  the  dressed  fish  was  computed  from  that  of 
whole  fish  with  the  aid  of  the  figures  for  loss  of  weight  in  dressing  for 
market,  mentioned  on  page  9. 

Table  l.^Cankpositiou  o/JUh,  mollu$Tc$,  onuiaoeanB,  eto. 


Kind  of  food  material. 


Refaso 
(bone, 
Bkin, 
etc.). 


Salt. 


Wa- 
ter. 


Pro. 
tein. 


Fat. 


Carbo- 
dran 


Min- 
eral 
mat- 
ter. 


Total 
nutri' 
ents. 


Fuel  val- 
ue per 
pound. 


Fr$shJUh, 


Alewife,  whole • 

Bass,  large-mouthed  black,  dressed. . 
Bass,  large-mon.hed  black,  whole  ... 
Bass,  small-mouthed  black,  dressed  . 
Bass,  small-mouthed  black,  whole  . . . 

Boss,  sea,  dressed 

Bass,  sea,  whole 

Bass,  striped,  dressed 

Blackflsh,  dressed 

Bluefish,  dressed 

Buttertisb,  dressed 

Buttornsb,  whole 

Carp  (European analysis) 

Cod,  dressed 

Cod.  steaks 

Cusk,  dressed 

Eel,  salt-water,  dressed 

Flounder,  common,  dressed 

Flounder,  winter,  dressed 

Hake,  dressed 

Haddock,  dressed 

Halibut,  dressed 

Herring,  whole 

Mackerel,  dressed 

Mackerel,  Spanish,  dressed 

Mackerel,  Spanish,  whole 

Mullet,  dressed 

Mullet,  whole 

Perch,  white,  dressed 

Perch,  white,  whole 

Perch,  yellow,  dressed 

Pickerel,  dressed 

Pickerel,  whole 

Pike,  dressed 

Pike,  whole 

Pollock,  dressed 

Pompano,  dressed 

Porgy,  dressed 

Porgy,  whole 

Ked  grouper,  dressed 

Bed  snapper,  dre.^scd 

Salmon,  California  (sections) 

Salmon,  Maine,  dressed 

Shad,  dressed 

Sb.id,  whole 

Shad,  roe 

Smelt,  whole 

Sturgeon,  dressed 

Tomcod,  dressed 

Tomcod,  whole 

Trout,  brook,  dressed 

Trout,  brook,  whole 

Trout,  lake,  dressed 

Turbot,dre89e<l 

Turbot,  wbole 

Weak  fish,  dressed 

TeaklUh,irholA 


Perct 
49.5 
49.7 
66 
46.4 
53.6 
46.8 
56.1 
61.2 
55.7 
48.0 
34.6 
42.8 
a7.1 
29.9 

9.2 
40.3 
20.2 
67 
66.2 
62.5 
61 
17.7 
46 
40.7 
24.4 
84.6 
49 
67.9 
54.6 
62.5 
85.1 
85.9 
47.1 
30.5 
42.7 
28.5 
45.5 
63.7 
60 
65.9 
48.9 

6.2 
23.8 
43.9 
60.1 


P.ct. 


41.9 
14.4 
61.4 
69.9 
37.9 
48.1 
35.2 
39.6 
47.7 
41.7 
5L9 


P.ct 
87.6 
41.9 
84.6 
40.1 
84.7 
42.2 
34.8 
37.4 
85 

40.8 
45.8 
40.1 
48.4 
68.5 
72.4 
49 
67.2 
85.8 
87 

39.6 
40 
61.9 
37.8 
48.7 
61.4 
44.5 
88.2 
81.5 
84.4 
28.4 
60.7 
51.1 
42.2 
55.4 
45.7 
64.3 
89.6 
84.0 
29.9 
85 
40.3 
60.3 
61.2 
39.0 
85.2 
71.2 
46.1 
67.4 
39.6 
32.7 
48.4 
40.4 
45 
43.1 
37.8 
46.1 
88 


P.eL 
9.7 
10.8 
8.6 
11.6 
10 
10.1 
8.3 
8.7 
8.3 
9.8 
11.7 
10.2 
12.9 
10.6 
16.9 
10.1 
14.6 
6.3 
6.1 
7.2 
8.2 
15.1 
10 
11.4 
15.8 
13.7 
9.8 
8.1 

a7 

7.2 
12.6 
11.9 

9.8 
13 
10.7 
15.5 
10.2 

8.6 

7.4 

a4 

9.6 
10.5 
14.6 
10.3 

9.2 
23.4 
10 
15.4 

8.2 

6.8 
11.7 

9.8 
12.4 

7.9 

0.8 
10.2 

8.4 


P.eU 

2.5 

.5 

.4 

1.3 

1.1 

.2 

.2 

2.2 

.5 

.6 

7.2 

6.3 

.7 

.2 

.5 

.1 

7.2 

.3 

.2 

.8 

.2 

4.4 

6.9 

3.5 

7.2 

6.2 

2.4 

2 

1.8 

1.5 

.7 

.2 

.2 

.4 

.8 

.6 

4.3 

2.4 

2.1 

2 

!6 

17 

9.5 

5.4 

4.8 

8.8 

1 

1.6 
.3 
.2 
1.8 
1.1 
6.0 
8.7 
7.5 
1.8 
LI 


P.et 


P.ct. 

0.8 
.6 
.6 
.7 
.6 
.7 
.6 
.6 
.6 
.7 
.7 
.6 
.0 
.8 

1 

.6 
.8 
.0 
.5 
.5 
.0 
.9 
.8 
.7 

1.2 

1 

.6 
.5 
.6 
.4 
.9 
.9 
.7 
.7 
.6 

1.1 
.5 
.7 
.6 
.5 
.6 

1 

.9 
.8 
.7 

1.0 

1 

1.2 
.5 
.4 
.7 
.6 
.8 


.7 

.7 
.6 

uigiiizea 


P.et. 

13 

11.4 

9.4 
13.5 
11.7 
11 

9.1 
11.4 

0.3 
11.1 
19.6 
17.1 
14.5 
11.6 
18.4 
10.7 
22.0 

7.2 

6.8 

8 

9 

20.4 
10.7 
15.6 
24.2 
20.9 
12.8 
10.6 
11 

9.1 
14.2 
13 

10.7 
14.1 
11.0 
17.2 
15 
11.7 
10.1 

9.1 
10.8 
31.5 
25 
16.5 
14.7 
28.8 
12 
18.2 

9 

7.4 
13.7 
11.5 
19.8 
17.4 
15 
12.2 

lai 

Dy 


Caloriei, 
285 
215 
175 
270 
230 
195 
160 
256 
175 
205 
620 
455 
270 
205 
835 
190 
575 
130 
120 
145 
160 
465 
435 
360 
595 
515 


235 
235 
195 
265 
230 
190 
260 
210 
315 
870 
260 
226 
165 
205 
1.025 
675 
420 
375 
595 
230 
855 
165 
135 
275 
230 
610 
515 
440 
245 
109 
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qfJMi,  m0lhuk$f  eru§fu9inuiy  tto. — OoBtiB««d. 


Refo 


13ad  «f  JtboA  vurteriaL 


•kin, 
4fte.) 


SaH. 


tor. 


toin. 


Fttt. 


Carbo- 

dnOM. 


Hln. 
ami 
mat- 


Total 
Dotri 
ents. 


Wliftflifl^,  Areaaed 

VUtellth.wkola 

Ctanenl  average  of  freeh  flth  at  sold 

MMkenl,  " No.  1.**aaltoa..... ...... 

Ood,  eaked  and  dried 

Obd,  **boiMleefl  oedll^**  aalted  and 

dried 

Olnriare 

Seninc,  aalted,  smolwd,  and  dried. . . 
Haddock,  **llDdtm   faaddie,**  aalted, 

smoked,  and  dried 

Halibut,  saited,  smoked,  and  dried..., 


PereL 
42 


24.9 


P.et, 


7.1 
17.2 


2LS 


Salmon,  canned 

Mackerel,  canned  — «...« 

Mackerel,  ealt,  canned 

Tmanj  (boraemackerelK  oannad.. 
Haddock,  smoked,  canned , 


44.4 

SS.2 

6.9 
6 

8.9 


6.6 


L4 
12.1 


19.7 


1 
1.9 

8.8 

'6.'i' 


M.1 
40.8 

84.4 
88.1 

19.2 

49.2 

40 
J    68.8 

69.8 
88.2 
84.8 
717 
88.7 


Moauikg, 

Oysters,  solids 

^^sters,  in  sliejl.. .»•.••••••«■. ••••«• 

Oysters,  canned 

•calkms 

Long  clams,  in  shell 

If«njc  clama,  conned , 

Boand  clams,  removed  from  shell . . . 

Bonnd  dams,  hi  shell 

Bound  olama,  canned 

Mussels 

Qaneral  average  of  mollusks  (exolu- 
■iTsof  eaanad).. •••••••. 


48.6 


•8.8 

'ii'i 

69.2 


OrmwIaeeafU, 


LirtMtar,lBahell 

Lobster,  canned 

Crawfish,  in  shell 

Crab,  in  shell 

Crab, canned 

Shrimp,  canned 

Qenar^  average  of  craataoeaas  <sk- 
elnaive  of  canned) • 


87.7 
66.8 


fWropifi,  furtUt  sis. 


Verrapin,  in  shell 

Oieen  tartle,  in  shell.... 

Average  of  tartle  and  terrapin 

Frogs*  legs 

General  average  of  fish,  mollusks, 
oraataoeans,  ate 

'  Other  miimcafb0di, 

BMf.Bide,medlaml)Kt....» 

Veal,  side 

MnttoB.side 

Average  of  beef^  veal,  and  mutton. . . . 

Porklkle... ..... 

Chicken 

Turkey 

Milk.. « 


78.7 


79 
78 

77.5 
82 


17.4 

22.6 

19.8 

20 

11.2 

26.6 

22.7 


Yeg^tabU  foods. 

Wheat  flour 

Com  meal 

Beans,  dried 

Potato 

Cabbage 

Oom,  canned 

Salad  greena 

Applea..... 


Strawberries. 


25 
86 


P.cL 
89.4 

82.8 


88.8 

18.4 

85.8 

80.8 

48.4 

64.6 

80.8 

27.8 

83 

42.7 


n.i 

77.8 
10 
84.1 
80 

70.8 

20.9 


16.6 
19.1 
17.4 
17 

41.8 


49.4 
65.2 
48.8 

40.5 
26.1 
47.2 
4S.4 
87 


111 
112 
118 
62.6 
77.7 
78.8 
86.7 
619 
48.1 
99.4 


P.M, 
12.8 

10.8 
16.6 


14.7 
16 

211 

80 

20.2 

16.1 

10.1 

24 

19.8 

]«.9 

118 

21.6 

2L8 


t.1 

1.1 

7.4 
14.7 

4.8 

9 
10.6 

11 
10.4 

4.4 

12 


6.8 

111 
2 

7.8 
16.8 
25.4 

4.8 


4.6 
4.6 
4.2 

19.8 


14.4 
15.1 
117 
14.2 

7.5 
14 
16.7 

18 


11.2 
13 

22.5 
1.7 
1.4 
18 
4.2 
.3 
.8 
1 


P.cL 

P.St 

1« 

8 

16 



16.1 

.4 



.8 

117 

T.6 

18 

.1 

14 

111 

15.3 

17 

21.8 

4.1 

....... 

18 



1.4 
.2 

11 
.2 
.6 
1.8 
LI 
.1 
.8 
.6 


.T 

LI 
.1 
.9 

L6 

1 


.7 
.1 
.7 
.1 

16 


HI 
6.3 
24 
15.6 
64.8 
11.5 
114 
4 


18 

.6 

19 

14 

LI 

19 

6.2 

L8 

8 

11 

L8 


75.2 
75.1 
518 
14.8 

4.8 
19.3 

6.3 
1L2 
16.1 

7.8 


P.et. 
0.9 
.7 
1 


L7 
L2 

L7 
a4.6 

.9 

1 

L9 

6.8 

L2 

L8 

11 

L7 

L6 


.9 

.4 
L8 
L4 
L6 
18 
18 

.9 
18 
1 


.6 

14 
.1 
L4 
L9 
16 


.8 


.4 
1 

16 
.8 
.9 
.9 

12 
.2 
.6 
.6 


P.ct, 
17 
14 
14 


8L6 
17.6 

24.1 
6t.9 
219 

17.2 

85 

4L4 

85.8 

29.9 

87.2 

27.8 

26.7 


n.7 

18 

14.7 
117 

8 

16.5 
19.2 

4.4 
17 

8 

6.8 


18 

212 
13 
10.1 
20 
29.2 

14 


14 
4.9 

11 
11 

118 


812 
22.2 

87.4 
80.5 
617 
26.2 
84.9 
13 


87.9 
87,8 
87.2 
17.4 

7.3 
24.2 
13.3 
111 
16.9 

16 


•  Including  saH 


uigiiizea  oy  vj  v^'vy 


Q,y 


14 

The  above  list  iuclades  tbe  more  important  food  fishes,  water  inyerte- 
brates,  etc.  There  are  numbers  of  other  ilsh  which  are  eaten  to  a 
greater  or  less  extent.  In  general  it  may  be  said  their  composition 
would  be  similar  to  that  of  the  fishes  included  in  the  table.  It  is 
noticeable  that  many  kinds  of  fish  which  are  known  to  be  wholesome 
are  seldom  eaten.  Among  others  may  bo  mentioned  the  whiting,  or 
silver  hake,  and  the  sea  robin.  The  latter  are  taken  in  enormous 
quantities  in  certain  regions.  This  prejudice  against  certain  fish  is 
largely  local;  for  instance,  skates  are  eatenonthe  wes ten  coast  of  the 
United  States,  but  until  recently  they  were  regarded  as  of  no  value  in 
the  East.  A  few  years  ago  sturgeon  and  eel  were  not  generally  eaten. 
To-day  sturgeon  is  much  prized,  and  in  regions  where  it  was  formerly 
worthless  commands  a  high  price. 

In  a  number  of  cases  cited  in  the  table  above  more  than  one  speci- 
men was  analyzed,  although  only  the  averages  are  given  in  the  table. 
In  such  cases  the  samples  showed  more  or  less  vari.ition  in  tot>al  nutri- 
ents, but  the  variation  was  due  more  especially  to  the  fats.  Thus  the 
fat  in  the  flesh  of  seven  specimens  of  shad  ranged  from  C.5  to  13.G  per 
cent;  in  fresh  mackerel  from  2.2  to  1G.3  per  cent,  and  in  fresh  halibut 
from  2.2  to  lO.G  per  cent.  The  protein  and  mineral  matters  remained 
practically  the  same  in  all  these  specimens  where  the  wide  fat  variation 
was  noticeable,  an  increase  of  fat  being  marked  by  a  decrease  of  water. 

It  will  bo  seen  from  the  table  that  fish  is  essentially  a  nitrogeuous 
food.  In  this  it  resembles  meat.  Keither  fish  nor  meat  is  a  source  of 
carbohydrates..  Oysters  contain  some  cirbohydratcs,  but  the  foods 
which  supply  this  group  of  nutrients  most  abundantly  are  the  cereal 
grains. 

In  general,  it  may  be  said  that  fish,  meat,  eggs,  milk,  etc.,  also  cereals 
and  vegetable  foods,  all  supply  fat,  the  amount  varying  in  the  dilierent 
materials.  Fish  usually  contains  less  fat  than  is  found  in  meat.  There 
is,  however,  much  difference  in  the  fat  content  of  the  various  kinds  of 
fish.  They  may,  indeed,  be  roughly  divided  into  three  classes :  The  first 
class  would  include  those  containing  over  5  per  cent  fat;  the  second 
those  containing  between  2  and  5  per  cent,  and  the  third  those  contain- 
ing less  than  2  per  cent.  The  first  group  would  include  such  fish  as 
salmon,  shad,  herring,  Spanish  mackerel,  and  butter-fish;  the  second, 
white  fish,  mackerel,  mullet,  halibut,  and  porgy ;  the  third,  smelt,  black 
bass,  bluetish,  white  perch,  weakfish,  brook  trout,  hake,  flounder,  yellow 
perch,  pike,  pickerel,  sea  bass,  cod,  and  haddock. 

The  so-called  nitrogenous  extractives  (**meat  extract"),  contained  in 
small  quantities  in  fish  as  in  other  animal  foods,  are  doubtless  useful  in 
nutrition,  although  their  function  is  not  definitely  known. 

Tbe  place  offish  in  the  diet,  if  judged  by  its  composition,  is  the  same 
as  that  of  meat;  that  is,  it  is  supplementary  to  cereals  and  other  veg- 
etables, the  most  of  which,  as  wheat,  rye,  maize,  rice,  potatoes,  etc.,  are 
deficient  in  protein,  the  chief  nutrient  in  the  flesh  of  fish. 
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Preserved  fish,  as  a  mle,  sbow  a  small  peroeDtage  of  reftise,  with  the 
exception  of  a  few  kinds  which  are  preserved  whole.  The  percenti^^ 
of  actual  natrients  is  much  larger  than  in  the  corresponding  fresh 
Ush,  owing  to  the  removal  of  a  large  part  of  the  refnse  and  more  or  less 
water.  The  gain  in  natrients  is  mostly  represented  by  protein^  which 
is  the  most  valuable  nutrient. 

Canned  fish,  which  is  in  effect  cooked  fish,  compares  favorably  as 
regards  composition  with  the  fresh  material.  Generally  speaking,  the 
amount  of  refuse  is  small,  since  the  portions  commonly  r^ected  in 
preparation  for  the  table  have  been  removed  before  canning. 

Shellfish  resemble  meat  and  food  fishes  in  general  composition.  They 
contain,  however,  a  small  amount  of  carbohydrates.  Oysters  are  the 
most  imxH>rtant  of  the  shellfish.  Judging  by  the  relative  amount  c<m« 
sumed.  Speaking  roughly,  a  quart  of  oysters  contains  on  an  average 
Jtbout  the  same  quantity  of  actual  nutritive  substances  as  a  quart  of 
milk,  or  three-fourths  of  a  pound  of  beel^  or  2  pounds  of  fresh  cod- 
fish, or  a  pound  of  bread.  But  while  the  weight  of  actual  nutriment 
ill  the  different  quantities  of  fiK>d  materials  named  is  very  nearly  the 
same,  the  kind  is  widely  difiPerent.  That  of  the  lean  meat  or  codfish 
consists  mostly  of  protein,  the  substances  whose  prindpal  ftinction  is 
to  make  or  repair  bl6od,  muscle,  tendon,  bone,  brain,  and  other  nitrog- 
enous tissues.  That  of  bread  contains  considerable  protein,  but  a 
Minch  larger  proportion  of  starchy  with  a  little  fat  and  other  compounds 
which  serve  the  body  as  fuel  and  supply  it  with  heat  and  muscular 
power.  The  nutritive  substance  of  oysters  contains  considerable  protein 
and  fuel  ingredients.  Oysters  come  nearer  to  milk  than  almost  any 
other  common  food  material  as  regards  both  the  amounts  and  the  rela- 
tive  proportions  of  nutrients.  I 

Apparently  as  the  oyster  grows  older,  at  least  up  to  a  certain  time, 
not  only  do  the  proportion  of  flesh  and  liquids  increase  more  rapidly 
than  the  shells,  but  the  proportion  of  nutrients  in  the  edible  portion 
increases  also;  that  is  to  say,  100  pounds  of  young  oysters  in  the  shell 
appear  to  contain  less  of  flesh  and  of  liquids  than  100  x>ounds  of  older, 
ones,  and  when  both  have  been  shucked  a  pound  of  shell  contents  from 
the  older  oysters  would  contain  more  nutriment  tiian  a  x>ound  from  the 
younger.  i 

^  Considering  the  edible  portion  of  the  oyster,  after  it  has  been  removed 
from  the  shell,  the  differences  in  different  specimens  are  much  greater 
than  is  commonly  supposed.  This  is  apparent  when  a  comparison  iv 
made  of  either  the  flesh  (meat)  or  liquids  (liquor)  of  different  speci- 
mens, or  the  whole  edible  x>ortion,  the  meat  (solids)  and  liquor  together,  j 
The  percentage  of  water  in  the  edible  portion  of  different  specimens  of 
oysters  which  were  analyzed  in  experiments  conducted  for  the  0^.  8.j 
Fish  Commission  varied  from  about  83.4  to  91.4  per  cent,  and  averaged^ 
87.3  per  cent.  This  makes  the  amounts  of  <^ water-free  substance,''* 
L  e.,  actually  nutritive  ingredi^its^  vary  from  16.6  to  SM  wid  average 
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12.7  per  cent  of  the  wliole  weight  of  the  edible  x)ortion  (shell  contents) 
of  the  animals.  In  other  words,  the  nutritive  material  in  a  quart  (about 
2  pounds)  of  shell  contents  (solids)  varied  from  2f  to  5J  ounces. 

With  oysters,  long  clams,  and  round  clams  in  the  shell  there  is 
naturally  a  large  percentage  of  waste,  as  the  shell  is  a  large  portion  of 
the  total  weight  The  average  of  34  specimens  of  oysters  in  the  sheU, 
for  instance,  shows  only  2.3  -per  cent  of  actual  nutrients.  Clams  and 
mussels  show  a  somewhat  higher  i>ercentage. 

Where  these  various  shellfish  are  purchased  as  "  solids  ^^ — that  is, 
removed  from  the  shell — a  comparatively  high  price  is  usually  paid. 
Where  they  are  purchased  in  the  shell,  there  is  a  very  large  per^^eatage 
of  waste.  The  conclusion  is  therefore  warranted  that,  from  a  i)ecuuiary 
standpoint,  they  are  not  the  most  economical  of  foods  for  the  consumer. 
On  the  other  hand,  they  have  a  useful  place  in  the  diet  in  helping  to 
supply  the  variety  which  is  apparently  needed  to  insure  the  best  work- 
ings of  the  digestive  system.  Often  flavor  has  a  value  which  can  not 
be  estimated  in  dollars  and  cents. 

As  already  explained,  it  is  a  common  practice  of  oyster  dealers, 
instead  of  selling  the  oysters  in  the  condition  in  which  they  are  taken 
from  the  beds  in  salt  water,  to  place  them  for  a  time — ^forty-eight  hours, 
more  or  less — in  fresh  or  brackish  water,  in  order,  as  the  oystermen 
say,  to  "fatten'^  them,  the  operation  being  also  called  "floating"  op 
^Maying  out."  By  this  process  the  oyster  acquires  plumpness  and 
rotundity,  and  its  bulk  and  weight  are  so  increased  as  materially  to 
increase  its  selling  value.  The  belief  is  common  among  oystermen  that 
this  "fattening"  is  due  to  actual  gain  of  flesh  and  fat  and  that  the 
nutritive  value  of  the  oyster  is  increased  by  the  process.  They  find 
that  the  oysters  "  fatten'^  much  more  quickly  in  fresh  than  in  brackish 
water.  ..Warmth:  is  so  favorable  to  the  process,  that  it  is  said  to  be 
sometimes  found  profitable  to  warm  artificially  the  water  in  which  the 
oysters  are  floated.  Although  oysters  are  generally  floated  in  the  shell, 
the  same  eflect  is  commonly  obtained  by  adding  fresh  water  to  the 
oysters  after  they  have  been  taken  out  of  the  shell.  Oysters  lose  much 
of  their  salty  flavor  in  "  floating,"  and  it  is  a  common  experience  of 
oystermen  that  if  .the."  fattened"  oysters  are  left  too  long  on  the  floats 
they  become  "  lean  "  again.  It  does  not  seem  probable  that  the  oysters 
would  secure  food  enough  to  make  appreciable  gain  in  weight  in  the 
short  time  in  which  they  remain  in  the  fresh  or  brackish  water. 

It  is  known  that  when  a  solution  of  salts  is  separated  by  a  suitable 
membrane  from  water  containing  a  lesser  quantity  of  salts  in  solution 
that  the  passage  of  salts  immediately  begins  from  the  concentrated  to 
the  dilute  solution.  This  is  practically  the  condition  which  exists  when 
the  oyster  is  transferred  from  salt  to  fresh  or  brackish  water.  The 
fleshy  portions  of  the  body  which  are  inclosed  in  a  membrane  contain 
salts  in  solution.  As  long  as  the  oyster  stays  in  salt  water  the  solution 
of  salts  within  its  body  would  naturally  be  in  equilibrium  with  the 
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water  outside.  When  the  oyster  is  brought  into  fresh  or  brackisli 
water — i.  e.,  into  a  more  dilute  solution — it  might  bo  expected  that  the 
salts  in  the  more  concentrated  solution  within  the  body  would  pass  out 
and  a  larger  amount  of  fresh  water  enter  and  produce  such  a  disten-' 
Bion  as  actually  takes  place  during  floating.  Careful  experiments  have 
shown  that  this  supposition  is  entirely  correct — that  is,  the  oysters 
actually  gain  in  weight.  This  is  due  largely  to  the  fact  that  they  lose 
mineral  matter  and  gain  a  considerable  amount  of  water.  At  the  same 
time  there  is  a  slight  loss  of  nutrients.  When  in  their  natural  condi- 
tion oysters  contain  from  one-eighth  to  one-fifth  more  nutritive  material 
than  when  fattened.  In  the  opinion  of  very  many  consumers  the 
improvement  in  appearance  and  flavor  due  to  the  removal  of  the  salts 
more  than  comx)eusates  for  the  loss  in  nutritive  value.  It  seems  also 
to  be  a  matter  of  common  opinion  that  oysters  keep  better  when  part 
of  the  salts  has  been  removed  by  "floating."  However,  the  experi- 
ments of  the  New  Jersey  Stations  have  shown  that  freshened  oysters 
will  not  remain  alive  as  long  as  those  taken  directly  from  salt  water. 
Freshening  increases  very  rapidly  the  rate  of  weakening  and  decay 
(the  life  period  being  reduced -one  half). 

Frequently  oysters  become  more  or  less  green  in  color.  There  is  a 
widespread  opinion  that  "greening'' is  injurious.  The  color  has  been 
attributed  to  disease,  to  parasites,  and  to  the  presence  of  copper.  It 
is  in  reality  due  to  the  fact  that  the  oysters  have  fed  on  green  plants  of 
very  simple  structure  which  are  sometimes  found  in  abundance  in  brack- 
ish or  salt  water.  The  green  coloring  matter  of  the  plants  is  soluble 
in  the  oyster  juices  and  colors  the  tissues.  The  opinion  of  those  who 
have  investigated  the  matter  carefully  is  that  the  green  color  is  harm- 
less. In  Europe  green  oysters  are  more  highly  prized  than  others.  The 
green  color  may  be  removed  by  placing  the  oysters  for  a  time  in  water 
where  the  green  plants  are  not  abundant. 

Lobsters,  crabs,  shrimps,  and  crawfish  are  shown  by  analysis  to  con- 
tain a  fairly  large  percentage  of  nutrients.  This  is  more  noticeable 
when  the  composition  of  the  flesh  alone  is  considered.  Lobsters  and 
similar  foods  are  prized  for  their  delicate  flavor.  Except  in  certain 
regions  where  they  are  very  abundant  and  the  cost  correspondingly 
low  they  must  be  regarded  as  delicacies  rather  than  as  staple  articles 
of  diet.  This  is,  however,  a  condition  entirely  apart  from  their  compo- 
sition. Judged  by  this  alone,  they  are  valuable  foods,  and  may  profit- 
ably be  employed  to  give  variety  to  the  diet. 

Although  the  total  amount  of  turtle  and  terrapin  used  in  the  United 
States  is  considerable,  the  quantity  is  small  as  compared  with  the  con- 
sumption of  such  foods  as  fish  proper  and  oysters.  As  shown  by  their 
composition,  turtle  and  terrapin  are  nutritious  foods,  although,  under 
existing  conditions,  they  are  expensive  delicacies  rather  than  staple 
and  economical  articles  of  diet. 
7770— No.  So 2 
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The  total  amount  of  frogs  consumed  per  year  for  food  is  considerable. 
As  sliown  by  analysis,  frogs'  legs  contain  a  considerable  amount  of 
protein.  Only  the  bind  legs  are  commonly  eaten.  The  meat  on  other 
portions  of  the  body  is  edible,  although  the  amount  is  small,  and  is 
eaten  in  some  localities.  The  prejudice  T^hich  formerly  existed  against 
frogs'  legs  as  a  food  was  doubtless  based  on  their  appeai'ance  or  some 
similar  reason,  as  they  are  known  to  be  wholesome. 

COST  OP  PAOXXSZK  AJSiD   ^QNERG?    IN   PISH    AKD    OTHER  POOD 

MATZSRIALB. 

As  iHreYi0asly  Btated,  the  two  iJuBotaons  <^  food  are  to  furnish  proteia 
for  building  and  repairing  the  body  and  to  supply  energy  for  heat  aimL 
muscular  work.  Although  fish  and  meats  in  general  may  bo  regarded 
as  sources  of  protein,  they  nevBrtheless  furnish  considerable  energy. 
Indeed,  those  containing  anabundanoeof  fat  supply  a  large  amount  o£ 
energy-^that  is,  have  abigh  fuel  value.  If  a  food  eontainslittle  protein 
or  energy  and  Is  high  in  lurioe,  it  isevident  that  it  is  really  an  exp^ 
sive  food.  ^On  the  other  hand,  a  food  may  be  liigh  in  price  but  in 
reality  be  cheap,  since  it  furnishes  a  large  amount  of  protein  or  energy 
or  both.  Foods  whidb  supply  ;an  abundance  of  protein  or  energy  or 
both  at  a  reasonable  pdce  .are  evidently  of  the  greatest  importance 
from  an  economical  standpoint. 

I  In  Table  2  is  shown  how  muok^  pound  of  protein,  or  1,000  calories 
<tf  ^lergy,  would  cost  when  supplied  by  a  number  of  kinds  of  fish  and 
other  foods  at  certain  prices. 

Tablk  2. — 'Comparative  cosU  of  proiein  and  energy  as  furnished  l>y  a  nuniher  of  food 
,^  wuUerials  at  certain  rpriass. 


Kind  of  foodmaterlaL 


Prieeper 
pound. 


Cost  of 
proton 

per 
pound. 


Cost  of 
6nerrpy 
per  1,000 
oaloriM. 


CMflAfa « 

Codfish  steaks  ..^ > 

Blucfiah -• 

Halibut 

C©d.8alt • 

llAckcrcI,  salt 

SaIoioo,  conned 

Oysters,  "eolido  "  (30  cents  per  quart) . 
Ojrsters,  ••  solids  "  (CO  cenfes  per  quart)  .. 

Beef,  sirloin ^ 

l>o 

Bcef.rouml ...^ 

Bcof,  Ktow  moat 

Beef,  dried  "cblpped" 

Mutton  chops  (loin) 

liuttoaleg 

Tork  roast  (loin) 

Pavk,Kmoked  liam 

Milk  (7  cents  per  quart) 

Milk  (G  cento  per  quart) 

Lobster 

Wlwftt^our 

Commoal — 

Pa tatoes  (00  cents  per  bushel) 

Potatoes  (45  cents  per  bushel) 

Cabbage  

Corn,  canned 

Apples 

Bananas  

Strawberries 


Centt. 
10 
12 
12 
18 
7 
10 
12 
15 
80 
25 
20 
14 
5 
25 
20 
22 
12 
22 

13 
3 
2 


J* 

7 


$0.94 

.71 

1.22 

1.18 

.44 

.68 

.K 

2.50 

5.00 

1.63 

1.23 

.77 

.30 

.97 

1.54 

1.48 

.85 

1.66 

1.06 

.01 

8.05 

.27 

.22 

.-88 

.44 

l.TO 

3.67 

'5.00 

8.75 

7.00 


:$0.49 

.36 
.80 
.38 
.» 
.U 
.13 
.66 

1.90 
.26 
.21 
.16 
.07 
.32 
.14 
.25 
.09 
.Ifi 
.11 
.09 

1.24 
.112 
.01 
.06 
.02 
.10 
.22 
.07 
.23 
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In  tLe  table  the  prices  per  pound  liave  been  selected  from  the  best 
data  available.  It  is  of  course  impossible  to  set  any  one  price  wbich 
shall  represent  the  cost  of  these  materials  per  pound  in  all  sections  of 
the  country  and  at  all  times  of  the  year.  It  is  probable  that  the  prices 
given  represent  more  nearly  those  found  in  the  eastern  part  of  the 
country  than  in  the  southern,  central,  and  western  sections,  where  most 
of  the  food  materials  are  usually  somewhat  cheaper. 

It  is  to  bo  noted  that  the  cost  of  1  pound  of  protein  and  1,000  calories 
of  energy  have  no  direct  relation  to  each  other.  A  pound  of  protein 
would  be  suflBcicnt  for  a  workingman  nearly  four  days,  while  1,000 
calories  of  energy  would  be  less  than  one-third  the  amount  required 
per  day.  By  dividing  the  cost  of  1  pound  of  protein  by  4  and  multi- 
plying the  cost  of  1,000  calories  of  energy  by  3.5  results  are  obtained 
which  show  the  relative  cost  of  the  ])rotein  and  energy  sufficient  for 
one  day  as  furnished  by  the  different  food  materials.  Thus  it  would 
take  25  cents'  worth  of  salt  mackerel  at  10  cents  a  pound  to  furnish 
one  day's  supply  of  protein,  while  the  corresponding  energy  would 
require  3S  cents'  worth.  Seven  cents'  worth  of  flour  would  furnish  the 
protein  and  5  cents'  worth  the  energy  required  for  one  day.  It  is  of 
course  understood  that  no  one  food  material  could  furnish  the  nutri- 
ents in  the  proper  proportions  for  adults  under  ordinary  conditions  of 
health  .and  activity.  The  values  expressed  in  the  table  simply  show 
the  relative  value  from  a  pecuniary  standpoint  of  the  different  foods 
as  a  source  of  protein  on  the  one  hand  and  of  energy  on  the  other. 

It  will  be  seen  from  the  above  table  that  at  25  cents  a  pound  it  would 
take  §1.53  worth  of  sirloin  steak  to  furnish  a  pound  of  protein,  while 
the  same  amount  could  be  obtained  in  77  cents'  worth  of  beef  round 
at  11  cents  a  pound,  71  cents'  worth  of  cod  steak  at  12  cents  a  pound, 
44  cents'  worth  of  salt  cod  at  7  cents  a  pound,  or  27  cents'  worth  of 
wheat  flour  at  3  cents  a  pound.  In  like  manner  the  cost  of  1,000  calories 
of  energy  would  vary  in  these  same  food  materials  from  30  cents,  as 
furnished  by  the  cod  steaks,  to  2  cents  as  furnished  by  the  flour. 

It  is  evident  that  at  the  prices  given  the  fruits  are  the  most  expen- 
Bive  sources  of  protein,  mollusks  and  crustaceans  next,  and  the  cheaper 
meats  and  fish,  with  the  cereals,  the  least  expensive.  As  regards 
energy,  on  the  other  hand,  mollusks  and  crustaceans  are  by  far  the 
most  expensive  sources,  foUoAved  by  fish  and  many  kinds  of  meat,  while 
the  cereals  are  the  most  economical. 

DIGESTIBILITY  OP  PISH. 

The  term  digestibility,  as  commonly  employed,  has  several  significa- 
tions. To  many  persons  it  conveys  the  idea  that  a  particular  food 
agrees  with  the  user.  It  is  also  very  commonly  understood  to  mean 
the  ease  or  rapidity  of  digestion.  One  food  is  often  said  to  be  prefer- 
able to  another  because  it  is  more  digestible — i.  e.,  is  digested  in  less 
time.  A  third  meaning,  and  one  which  is  usually  understood!  in  scien- 
tific treatises  on  such  subjects,  refers  to  the  completeness  of  digestion. 
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For  instance,  two  foods  may  have  the  same  composition,  but,  owing  to 
differences  in  mechanical  condition  or  some  other  factor,  one  may  be 
much  more  completely  digestible  than  the  other — that  is,  give  up  more 
material  to  the  body  in  its  passage  through  the  intestinal  tract. 

The  agreement  or  disagreement  of  a  particular  food  with  any  person 
is  largely  a  matter  of  individual  peculiarity.  When  foods  habitually 
disagree  with  a  person,  and  there  is  reason  to  believe  that  there  is  pro- 
nounced indigestion,  the  advice  of  a  competent  physician  is  needed, 
since  the  ndurishment  of  an  abnormal  or  diseased  body  is  a  matter 
properly  included  under  the  practice  of  medicine. 

In  so  far  as  ease  or  rapidity  of  digestion  implies  a  saving  of  energy 
to  the  body,  it  is  a  matter  of  importance.  However,  little  is  known 
concerning  relative  rapidity  of  digestion  within  the  body.  Most  of  the 
current  statements  which  refer  to  this  are  apparently  based  on  experi- 
ments carried  on  outside  the  body  by  methods  of  artificial  digestion. 
Such  experiments  imitate  as  closely  as  possible  the  conditions  in  the 
body,  but  it  is  not  at  all  certain  that  they  are  exactly  the  same.  The 
application  of  the  results  of  such  experiments  is  properly  the  province 
of  trained  investigators,  who,  it  is  worthy  of  note,  are  much  more  guarded 
in  their  statements  than  less  well-informed  persons. 

Numbers  of  artificial- digestion  experiments  have  been  made  with 
fish.  These  indicate  that  fish  is  less  quickly  digested  than  beef,  being 
about  equal  to  lamb  in  this  respect.  However,  as  compared  with  other 
foods,  the  difference  in  digestibility  of  fish  and  meat  is  not  very  great. 
Before  sweeping  deductions  are  made  the  thoroughness  with  which 
fish  is  digested  should  also  be  taken  into  account. 

A  number  of  experiments  have  been  made  with  man  to  learn  how 
thoroughly  fish  is  digested  and  to  compare  it  in  this  respect  with  oth^ 
foods.  In  these  experiments  the  food  and  feces  were  analyzed.  Deduct- 
ing the  nutritive  material  excreted  in  the  feces  from  the  total  amount 
consumed  in  the  food  showed  how  much  was  retained  by  the  body.  It 
was  found  that  fish  and  lean  beef  were  about  equally  digestible.  In 
each  case  about  95  per  cent  of  the  total  dry  matter,  97  per  cent  of  the 
protein,  and  over  90  per  cent  of  the  fat  wero  retained  by  the  body. 
Other  experiments  of  the  same  character  indicate  that  salt  fish  is  less 
thoroughly  digested  than  fresh  fish. 

A  number  of  similar  experiments  have  been  made  on  the  digestibility 
of  milk,  eggs,  bread,  potatoes,  and  other  animal  and  vegetable  foods. 
From  them  some  general  deductions  have  been  drawn.  Leaner  meats 
are  probably  more  easily  digested  than  those  containing  more  fat,  and 
the  leaner  kinds  of  fish,  such  as  cod,  haddock,  perch,  pike,  bluefish, 
etc.,  are  more  easily  and  completely  digested  than  the  fatter  kinds,  as 
salmon,  shad,  and  mackereL  GeneraUy  speaking,  it  has  been  found 
that  the  protein  of  vegetable  foods  is  less  digestible  than  that  of  animal 
foods.  For  instance,  one-fourth  or  more  of  the  protein  of  potatoes  and 
beans  may  escape  digestion  and  thus  be  useless  for  nourishment.    This 


Digitized  by  VjOOQ IC 


21 

Is  perhaps  entirely  due  to  the  meclianical  condition  in  wliicli  tlic  protein 
occurs  in  vegetable  foods;  that  is,  it  is  often  inclosed  in  cells  wliicli 
have  bard  walls  and  are  not  acted  upon  by  the  digestive  juices.  It  is 
ordinarily  assumed  that  the  small  amount  of  carbohydrates  in  7iieat 
and  fish  is  entirely  digested.  Carbohydrates  other  than  fiber,  which 
make  up  the  larger  part  of  the  vegetable  foods,  are  very  digestible. 
The  fat  in  both  animal  and  vegetable  foods  differs  in  digestibility  under 
varying  conditions.  No  marked  difference  in  the  digestibility  of  the 
fat  in  the  two  classes  of  food  can  be  pointed  out. 

Persons  diQ'er  in  respect  to  the  action  of  foods  in  the  digestive  appa- 
ratus; and  fish,  like  other  food  materials,  is  subject  to  these  influences 
of  personal  peculiarity. 

The  nutritive  value  of  shellfish,  as  of  other  fish,  depends  to  a  consid- 
erable extent  upon  their  digestibility;  but  so  little  is  known  upon  this 
point  that  but  little  can  be  said  with  certainty  here.  Perhaps  the  most 
that  can  be  said  is  that  while  there  are  people  with  whom  such  foods 
do  not  always  agree,  yet  oysters  belong  to  the  more  easily  digestible 
class  of  foods.  So  far  as  can  be  learned  no  experiments  have  been  made 
which  show  how  thoroughly  crabs,  clams,  and  other  Crustacea,  turtle 
and  terrapin,  and  frogs'  legs,  are  digested. 

PLACE  OF  FISH  IN  THE  DIET. 

The  chief  uses  of  fish  as  food  are  (1)  to  furnish  an  economical  source 
of  nitrogenous  nutrients  and  (2)  to  supply  the  demand  for  variety  in 
the  diet,  which  increases  with  the  advance  of  civilization. 

Inspection  of  a  considerable  number  of  dietary  studies  of  families  of 
farmers,  mechanics,  professional  men,  and  others,  carried  on  in  different 
regions  of  the  United  States,  shows  that  from  one-half  to  two-thirds  of 
the  protein  of  the  food  is  obtained  from  animal  sources — i.  e.,  meats, 
milk,  eggs,  and  fish.  In  most  cases  fish  furnish  less  than  5  per  cent 
of  the  animal  protein,  showing  to  what  a  limited  extent  this  food  is  used 
in  the  average  household.  It  is  not  improbable  that  in  communities 
where  fisheries  constitute  the  principal  industry  much  larger  quanti- 
ties are  consumed.  It  has  been  found  that  the  laborers  employed  in 
the  fisheries  in  Russia  consume  from  2G  to  C3  ounces  of  fish  daily. 
This,  with  some  bread,  millet  meal,  and  tea,  constitutes  the  diet 
throughout  the  fishing  season.  These  quantities  are  unusually  large, 
but  no  bad  effects  are  mentioned  as  following  the  diet. 

There  is  a  widespread  notion  that  fish  contains  large  proportions  of 
phosphorus,  and  on  that  account  is  particularly  valuable  as  brain  food. 
The  percentages  of  phosphorus  in  specimens  thus  far  analyzed  are  not 
larger  than  are  found  in  the  flesh  of  other  animals  used  for  food. 
But,  even  if  the  flesh  be  richer  in  phosphorus,  there  is  no  experimental 
evidence  to  warrant  the  assumption  that  fish  is  more  valuable  than 
meats  or  other  food  material  for  the  nourishment  of  the  brain. 
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Tb6  opinion  of  eminent  p}i3r8iologtst»  is  that  pfao^Iioras  is  no  mom 
essential  to  the  brain  than  nitrogen^  I)otassiam,  or  any  other  element 
which  ocenrs  in  its  tissnes.  The  valne  commonly  attributed  to  the  phos- 
pboms  is  based  on  a  popular  miseonceptton  of  statements  by  one  of  the 
early  writers  on  such  topics.  In  tliscnssing  the  belief  that  ^  fish  con- 
jtains  certain  elements  which  are  adapted  in  a  sx>ecial  manner  to  renovate 
the  brain  and  so  to  support  mental  labor  ^  a  prominent  physiologist  says, 
"There  is  no  foundation  whatever  for  this  view." 

It  is  well  understood  that  persons  in  varying  conditions  of  life  and 
occui)ation  require  diflferent  kinds  and  quantities  of  food.  For  the 
lab<»ring  man  doing  heavy  work  the  diet  must  contain  a  corajmratively 
large  amount  of  the  fuel  ingredients  and  enough  of  the  fiesh-forming 
substances  to  make  good  the  wear  and  tear  of  the  body.  These  materials 
are  all  present  in  the  flesh  of  animals,  but  not  in  therequisileproportions. 
jFish  and  the  leaner  kinds  of  meat  are  deficient  in  materials  which  yield 
heat  and  masenlar  p^wer.  When,  however,  fish  and  meat  are  supple- 
mented by  bread,  potatoes,  etc.,  a  diet  is  provided  which  will  supply 
all  the  demands  of  the  body.  Where  fish  can  be  obtained  at  low  cost 
it  may  advantageously  furnish  a  considerable  x>ortion  of  the  protein 
required,  and  under  most  conditions  its  use  may  be  profitably  extended 
solely  on  the  plea  of  variety. 

It  should  be  stated  that  most  physiologists  regard  fish  as  a  particu- 
larly desirable  food  for  persons  of  sedentary  habits.  While^  so  far  as 
can  be  learned,  such  statements  do  not  depend  upon  experimental  evi- 
dence, they  are  thought  to  embody  the  result  of  experience. 

PRBPARING  nSH  FOR  THE  TABLE, 

Fish  is  inrepared  for  the  table  in  a  variety  of  ways,  which  are  described 
in  detail  in  books  devoted  to  cookery.  A  few  words,  however,  may  not 
be  inappropriate  on  the  general  methods  of  cooking  and  possible  loss 
of  nutrients  involved. 

Fish  is  commonly  boiled,  stei»ned,  broiled^  fried,  or  baked,  or  may  be 
combined  with  other  mat^ials  in  some  made  dish.  When  boiled,  it  is 
stated  that  the  loss  in  weight  ranges  from  5  to  30  per  cent.  One  experi- 
menter gives  2G  per  cent  as  the  average.  This  loss  is  largely  made  up 
|of  water— that  is,  the  cooked  fish  is  much  less  moist  than  the  raw. 
I  Little  fat  or  protein  is  lost.  So  far  as  known,  experiments  have  not 
|been  made  whic^  show  the  losses  by  other  methods  of  eooking.  It  is, 
however,  probable  that  there  would  be  usns^y  a  very  considerable  loss 
of  water. 

In  most  eases  fat  or  carbohydrates  in  the  form  of  butter,  flour,  or 
other  material  are  added  to  fish  when  cooked,  and  thus  the  deficiency 
in  fuel  ingredients  is  made  good.  Boiled  or  steamed  fish  is  often  accom- 
panied by  a  rich  sauce,  made  from  butt^,  eggs,  etc.  Fried  fish  is  cooked 
in  fat,  and  baked  fish  is  often  filled  with  force  meat,  and  may  also  be 
accompanied  by  a  sauce.    The  force  meat  being  made  of  bread,  butter, 
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etc.,  coTitaiDS  fat  and  carbohydrates.  In  made  dishes — chowders,  fish 
pies,  salads,  etc. — fat  and  carbohydrates  (butter,  flour,  vegetables, 
etc.),  are  combined  with  fish,  the  kind  and  amount  varying  in  the  indi- 
vidual cases.  Furthermore,  in  the  ordinary  household,  fish  or  meat  is 
supplemented  by  such  foods  as  bread,  butter,  potatoes,  green  vegeta- 
bles, and  fruit.  That  is,  by  adding  materials  in  cooking  and  by  serving 
others  with  the  cooked  product  the  protein  of  the  fish  is  supplemented 
by  the  necessary  fat  and  carbohydrates. 

BAIL?  MENUS  CONTAINING  FISH. 

By  taking  into  account  the  chemical  composition  of  a  mixed  diet  and 
comparing  it  with  accepted  dietary  standards  it  may  be  seen  whether 
the  diet  is  actually  suited  to  the  requirements  of  the  body 5  that  is, 
whether  it  supplies  sufficient  protein  and  energy  and  whether  it  suppplies 
them  in  the  right  proportions. 

A  number  of  sample  menus  are  given  on  pp.  24-27,  which  show  that 
the  desired  amounts  of  protein  and  energy  may  be  readily  supplied  by 
a  diet  containing  a  considerable  amount  of  fish.  These  menus  (which 
are  based  in  part  on  dietary  studies  and  other  food  investigations  of 
this  Department  covering  a  wide  range  and  extending  over  several 
years)  are  not  intended  as  formulas  for  any  family  to  follow,  but  simply 
as  illustrations  of  the  way  in  Avhich  menus  containing  the  proper  i)ro- 
portions  of  nutrients  may  be  made  up.  The  ingenuity  of  the  housewife 
and  her  knowledge  of  the  tastes  of  the  family  will  suggest  the  special 
dishes  and  combinations  suited  to  her  needs.  It  is  not  assumed  that 
any  housewife  will  find  it  convenient  to  follow  exactly  the  proportions 
suggested  in  the  menus.  The  purpose  is  to  show  her  about  what 
amounts  and  proportions  of  food  materials  would  give  the  required 
nutrients. 

With  reference  to  the  following  menus  several  points  should  be  borne 
in  mind.  The  amounts  given  represent  about  what  would  be  called  for 
in  a  family  whose  demand  for  food  would  be  equivalent  to  four  full- 
grown  men  at  ordinary  manual  labor,  such  as  machinists,  carpenters, 
mill  workers,  farmers,  truckmen,  etc.,  according  to  the  usually  accepted 
standards.  It  is  ordinarily  assumed  that  an  average  man  in  health  per- 
forming a  moderate  amount  of  muscular  work  requires  per  day  about 
0.28  pound  protein  and  3,500  calories  of  energy,  the  latter  being  sup- 
plied in  small  part  by  protein,  but  mostly  by  fat  and  carbohydrates. 
Men  in  professional  life,  performing  less  muscular  work,  require  smaller 
amounts.  Accepted  dietary  standards  for  such  men  call  for  0.22  to  0.25 
pound  protein  and  from  2,700  to  3,000  calories  of  energy  in  the  daily 
food.  The  amount  of  mineral  matter  required  is  not  stated,  since  there 
is  little  accurate  information  available  on  this  point.  A  diet  made  up 
of  ordinary  foods  jjnd  supplying  the  necessary  amounts  of  protein  and 
energy  would  undoubtedly  supply  an  abundance  of  mineral  matter. 
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It  has  been  found  that  women  and  children  consnme  somewhat  less 
£90<l  than  men.  The  assumption  is  asually  made  that,  provided  m 
woman  is  engaged  in  some  moderately  active  ocenpation  she  requires 
about  eigbt-tonths  as  much  food  as  a  man. 

In  calculating  the  results  of  dietary  studies  (which  may  be  most  con- 
veniently expressed  in  amounts  for  one  man  for  one  day),  it  is  further 
assumed  that  a  boy  14  to  16  years  old  requires  about  eight-tenths  as 
much  food  as  a  man  at  moderate  moBcular  labor;  a  girl  14  to  IG  years 
old,  about  seven-tenths;  a  child  10  to  13,  about  six-tenths;  one  C  to  9 
years  old,  about  five-tenths;  one  3  to  5,  about  four-t«iths,  and  an  infant 
under  3  years,  about  three- tenths. 

As  previously  stated,  the  quantities  in  the  sample  menus  are  for  four 
men  at  moderate  muscular  work  or  an  equivalent  number  of  men, 
women,  and  children.  A  family  might,  for  example,  consist  of  a 
mechanic  and  wife,  with  four  children,  two  girls  of  12  and  C  and  two 
boys  of  10  and  8  years,  respectively.  Here  it  would  bo  assumed  that 
the  man  would  be  engaged  at  moderately  hard  manual  work.  Accord- 
ing to  the  above  factors,  this  family  would  be  equal  in  food  consumption 
to  4  men  at  moderate  muscular  exercise  { 1.0  -f-  0.8 + 0.6 + 0.6 + 0.5 + 0.5 = 4). 
In  the  same  way  a  day  laborer's  family  consisting  of  a  father  and  mother 
with  three  children  under  7  years  of  age  would  be  equivalent  to  3  men 
with  moderate  muscular  exercise  (1.0+0.8+0.5+0.4+03=3),  and  would 
require  three-fourths  the  quantities  indicated  in  the  following  menus: 

Mexu  L — ForfamiUf  eqmralcnt  iof^ur  men  «l  moieraie  muBculttr  work. 


Food  msterial. 


BrealJ'ast. 


Ornngcs 

KolUiloats: 

OaU 

Milk 

Su;?:ar 

Omelet  (8  opg«) 

IJuttcr^or  frying. 
Jolinnycakoa 

IJiIttor 

Coffeo 


Total. 


Dinner. 


Boiled  ood,£r«Kh 

lIoUaDdaisc  sauco: 

Butter 

Yolks  of2c;;ff».. 

Lemon  juice,  cto. 

Potatoes 

Siiinnch 

Butter 

Bread  pudding: 

Broad 

Milk 

le«K 

Sugar 

Buttor 

Broad —  ... 

Batter 


Total. 


Weight.  {  Protofn. 


X*#.  Or.  I  P9%tnd9. 

2      0  0.012 


4 
« 
2 

1  0 
1 

1  4 
3 


a  Compoflltion  of  oookod  material. 


.042 
.012 


.131 


.106 
.001 
.008 


.312 


Fnol 

valae. 


Oal&rim. 
300 

46S 
120 
235 
630 
229 
1.438 
060 
250 


.840 


.602 
.012 


.034 
.027 


.024 
.049 
.016 


.071 
.002 


.577 


4,315 


670 


880 
IM 


138 
220 

801 
487 
81 
850 
105 
910 


6,778 
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Menu  I. — For  family  equivalent  to  four  men  ut  moderate  muscular  work — Contiuiiet!.  ^ 


rood  material. 

Weight. 

rrotcln. 

Fuel 
vrflue. 

Supper. 
8ai11ox>e<l  ojtten : 

()V8t«»rrt    ...••••••••. 

Lb*.  <H. 
2      0 

4 
2 
4 
1      0 
2 

8 

2 

1      0 

4 

Pornids. 

0.  IJO 
.025 
.001 
.0j8 
.017 

Calories. 

460 

Cra  c  ken - •-•- 

4'J9 

liut'cr 

440 

^Ijlk 

81 

rrencli  fried  ootatocs  .........  ........................................ 

310 

530 

Sl^4l(l                                                                   .              ,      . , 

.047 
.001 
.00« 

610 

Batter - 

440 

8Kr^*l  banaiuis .--- ....^.,^-- 

310 

SuffAF           ...                                            ...................................>..... 

465 

Tan , „ , ,., 

.008 

250 

Total    .           

. 

.233 

4,394 



Total  per  d»y 



1.122 

14,487 

Total  for  ono  nian 

■ 

.28 

3,  C22 

MSKU  II. — Forfamilff  equivalent  to  four  vtm  at  morhraie  muscular  work. 


Food  material. 

Weight. 

Protein. 

Fuel 
value. 

Brealt/ast. 
Omnned  oodflsh : 

Saltcodflsh  

Lbg.  Oz. 

8 

1      0 

1 

1 

S      0 

12 

4 

Pounds. 

O.IU 

.033 

Calories. 
253 

Milk 

325 

Gutter 

220 

Flour      

.007 
.034 
.071 
.002 
.008 

103 

Sttked  iiotatoes a - 

620 

Bread 

910 

Bnttcr 

880 

GMTm 

250 

Total 

.260 

3,561 

IHnner. 
Viah  noup : 

Halibat • 

1  0 

2  0 

1 
1 

.153 
.060 

470 

Milk 

650 

Butter 

220 

yiou  r 

.007 

103 

(OnioD. salt.  DCDuer).... 

Booat  lamb,  luin6 

1      8 
1     12 

1   I' 

C 

1 

1      0 

.105 
.030 
.001 
.025 

.o;i6 
"**  '.'on 

2,  IG7 

Green  peas  c ,. 

350 

IJiilter ■- 

3vS0 

Hashed  potat«»ea  « 

405 

Bread 

455 

Batter 

220 

Apple  pio 

455 

Total 

.553 

5,935 

Supper. 
Lobatar  salad: 

Lobster  meat * »«••• 

Yolkii  of  Seffga - 

1      0 

2 
3 
8 

1 

.104 

.018 
.002 
.017 

390 
204 

Batterer  oiT. 

660 

Milk 

102 

Sngar 

118 

(Vinegar, aalt, pepper, mustard) 

Biaenit .......................  ...  ................................. 

1      0 

4 

.084 
.002 
.008 

1,430 

Butter 

880 

Tea. 

250 

Total 

.330 

4,094 

Total  per  day 

1.179 

13,596 

Total  for  one  man 



.29 

8,398 

•Compoaition  of  coolEe<l  material. 

b  A  larcor  roaat  would  ordinarily  be  cooked.    The  amoaitt  girtm  voald  be  aofflcient  for  one  meoL 

a  Weight  with  poda. 


Digitized  by  VjOOQ IC 


26 


MnNC  ill.  "For  family  equivalent  lofour  men  at  moderate  muscular  trorJfc. 


Food  material. 

Weight. 

Protein. 

Fuel 
value. 

Breakfast. 
Kapanna  or  prrapes .•••. 

Lbs.  Oz. 
1     0 

4 
6 
2 

12 
8 
1 
1      0 
2 

12 
3 

Pounds. 
0.009 

.042 
.012 

Cdori^^. 
325 

Oals 

465 

Miik 

120 

Siifj.ir 

235 

Cro  :nii'd  dried  l*t?ef: 



.194 
.017 

585 

Milk 

163 

But  tor 

220 

Frcncli  fried  potatoes 

.017 

810 

I^ard  ^tukcD  ui)  ill  Arvincf) .   ..........................  ....   ........ 

530 

Broat  I 

.071 
.001 
.008 

910 

Buller 

G60 

Coffee • 

250 

Total 

.317 

4,773 

Dinner. 
Hnlibnt  steak . 

2      0 

2      0 

2     a 

12 

4 

1      0 

.306 

.034 
.018 
.071 
.002 

.033 
.033 

940 

hashed  potatoos. .......  .............................................. 

620 

ToniatofM  (or  half  the  amoant  of  parsnips) - 

210 

Bro.td 

010 

Iluttrr 

880 

Caramel  custard: 

Milk   

325 

2  CCS 

158 

Sugar  .............••; > 

470 

Total 

.497 

4,513 

_ 

Suppsr. 
Salmon  croqnettos : 

8 
1      0 

2* 

1 

1      0 
12 
4 

- 

.109 
.017 

458 

810 

Butter                   . 

110 

1  ccc    ............................................................. 

.016 

79 

LanT (taken  up  in  frying) 

265 

Proflor  V08 

.008 
.080 
.002 
.008 

1,  iriO 

Mndins 

982 

But  tor 

880 

Tea ,....., • 

250 

Total                      

.249 

4,484 

Total  T>er  da V  . ...       .             ....   ................................. 

1.117 

13,770 

Total  for  one  man 

.279 

3,443 

1 

a  (Composition  of  cooked  material. 
Menu  IV. — For  family  equivalent  to  four  men  at  moderate  muscular  work. 


Food  material. 

Weight. 

Protein. 

Fnel 
value. 

Oatmeal: 

Oatmeal  ............ 

BreaJ^ast. 

Lbs.  Oz. 
4 
6 
2 

1      8 

1      0 

12 

3 

Pounds. 

0.042 

.012 

Calorics. 
465 

Milk 

120 

Sugar 

235 

Broilfil  salt  iiiackt'rel    ................................................. 

.209 
.017 
.077 
.001 
.008 

1,733 

Boil  I'd  potatoes  ........................................................ 

310 

Ilot  rolls 

1,148 

Butter 

660 

Collue , - - 

250 

Total 

.306 

4, 921 

Dinner. 

Broiled  lurf.tcak 

2      0 

1  8 

2  0 
12 

.3CG 
.025 
.030 
.071 

1,790 
405 

430 

Brv\id    

010 

Butter : 

3 

.001 

600 

aC^mx>oi>ltion  of  cooked  material. 
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Mmme  Tf.—tbrfmMft  e^mkmtmut  t»  frnm  mm  al 


1                                             VoodmtefteL 

Weight. 

Protein. 

Fuel 
▼alne. 

!**?p^;. 

Diwuet—  Contlnaed. 

Lbt,Ot, 

1      0 
2 

4 

0.0U4 

25S 

ftncar 

235 

CraAin  ■*.>■..>. T«-- - -    --  - 

.006 

228 

Total 

.503 

ir973 

Ai]>jMr. 

Oyitwstew^f 

1      0 
1      0 

« 

8 
2 
6 

8 

.080 
.033 
.001 
.038 
.047 
.001 
.004 
.032 
.008 

230 

1  pint  milk -- - 

^ 

Butter ....... 

440 

Crackers 

740 

Bmul , 

910 

Batter 

""::::::::::"::: 

440 

CTnrrantjain  •.....•..' -  --      -.---_. 

546 

Cake...r 

688 

Taa , 

250 

Totad 

.22-» 

4,275 

Total  per  day ... 

1.093 

I4,l«ff 

B .^...^ »,..^. 

Total  fbr  one  ma 

.275 

8,542 

The  weights  of  fish,  meats,  and  vegetables  given  in  the  menus  are  for 
fiiese  articles  as  foond  in  the  market.  The  fish  and  meats  will  include, 
as  a  rale,  more  or  less  bone,  and  the  vegetables  considerable  skin  and 
other  parts,  which  are  inedible  and  are  rejected.  In  estimating  the 
nutrients  allowance  is  made  for  what  has  been  found  to  be  the  average 
I^rcportion  of  bone  in  different  cuts  of  meats.  In  vegetables  it  is 
assnmed  that  from  one-sixth  to  one-fifth  will  be  rejected  in  preparing 
tliem  for  the  table.  The  weights  of  the  breakfast  cereals  are  for  these 
in  the  dry  condition  before  cooking. 

The  values  given  for  tea  or  coffee  are  obtained  by  taking  account  o^ 
t^e  sugar  and  milk  or  cream  consumed  with  them.  The  infusion  of  tea 
or  coffee  contaius  little,  if  any,  nutritive  material.  The  value  of  tea 
and  coffee  in  the  diet  depends  upon  their  agreeable  flavor  and  mild 
sthnuTating  properties.  ' 

The  calculations  of  the  quantities  of  nutrients  contained  in  the  difffer- 
ent  foods  are  based  upon  the  average  percentage  composition  of  these 
materials.  The  fats  and  carbohydrates  in  the  different  food  materials 
aeri)  not  shown  in  the  menu«w  The  quantity  of  protein  and  the  fuel 
Talue  of  the  food  are  the  values  which  are  of  special  interest.  The  fuel 
▼alue  of  the  fats  and  carbohydrates  ^  of  eoitrse,  ia^uded  in  the  figures} 
for  fuel  value  given.  I 

In  the  mefius  only  such  an  amount  c^eadi  Ibod  is  indicated  as  might 
be  e(»apletdy  consumed  at  each  meaL  Of  course,  in  the  ordinary 
lioiiseheld,  there  will  UiSiKilly  be  a  rather  larger  quantity  of  the  different^ 
dishes  prepared  than  will  be  consumed  at  one  meal,  but  the  thrifty. 
iMMisekeeper  will  see  to  it  that  what  is  not  used  i^  osie  meal  wiU  be 
vtifiased  lor  another. 
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It  is  not  expected  that  each  meal  or  the  total  food  of  each  individual 
day  will  have  just  the  amounts  of  protein  and  fuel  ingredients  that 
make  a  well  balanced  diet.  The  body  is  continually  storing  nutritive 
materials  and  using  them.  It  is  a  repository  of  nutriment  which  is 
being  constantly  drawn  upon  and  as  constantly  resupplied.  It  is  not 
dependent  any  day  upon  the  food  eaten  that  particular  day.  Hence 
an  excess  one  day  may  be  made  up  by  a  deficiency  the  next  or  vice 
versa.  Healthful  nourishment  requires  simply  that  tlio  nutrients  as  a 
whole  during  longer  or  shorter  periods  should  be  fitted  to  the  actual 
needs  of  the  body. 

It  will  be  seen  that  in  each  of  the  menus  suggested  fish  occurs  in  at 
least  two  meals.  However,  in  no  case  is  the  amount  greater  than  expe- 
rience has  shown  may  occur  in  actual  dietaries. 

It  is  not  the  intention  to  suggest  that  a  diet  containing  such  quanti- 
ties of  fisli  be  followed  every  day,  but  rather  to  show  that  fish  may  bo 
readily  combined  with  other  food  materials  to  supply  the  protein  and 
energy  required.  While  it  may  profitably  be  used  more  frequently  in 
many  families  than  is  at  present  the  case,  this  is  a  matter  of  individual 
taste. 

The  menus  attempt  to  cover,  as  regards  fish  and  other  materials,  a 
range  in  variety  and  combination  such  as  might  be  found  in  an  average 
well-to-do  household.  Individual  tastes  vary  so  much  that  no  combi- 
nation which  could  be  selected  would  meet  them  all. 

Nothing  has  been  said  of  the  cost  of  the  foods  used  in  the  menus. 
All  foods  vary  in  price  in  diflerent  localities,  and  this  is  especially  the 
case  with  fish.  In  general,  it  may  be  said  that  a  large  variety  of  IruitB, 
vegetables,  etc.,  increases  the  cost  of  a  diet  out  of  proportion  to  the 
nutritive  material  furnished.  Such  foods,  however,  are  valuable,  since 
they  possess  agreeable  flavor  and  so  render  the  diet  appetizing.  It  is 
also  generally  believed  that  the  acids,  salts,  and  similar  materials  in 
fruits  and  vegetables  are  of  value  in  maintaining  the  body  in  health. 
The  income  of  the  purchaser  should  determine  how  varied  the  diet 
may  be. 

POSSIBLE  DANGEES  FROM  EATING  EISH. 

In  view  of  statements  of  a  popular  nature  which  have  been  made  on 
the  dangers  from  eating  poisonous  fish  or  from  ptomaines  contained  in 
fish,  a  few  words  summarizing  the  actual  knowledge  on  these  topics 
seem  desirable. 

There  are  several  species  of  fish  which  are  actually  poisonous,  t'ew 
of  them,  however,  are  found  in  the  United  States,  and  the  chances  of 
their  being  offered  for  sale  are  very  small.  Such  fish  are  mostly  confined 
to  tropical  waters. 

Fish  may  contain  parasites,  some  of  which  are  injurious  to  man. 
These  are,  however,  destroyed  by  the  thorough  cooking  to  which  fish 
is  usually  subjected. 


Digitized  by  VjOOQ IC 


29 

Ptomaines  are  poisonoas  bociies  due  to  the  action  of  microorganisms. 
They  are  chemical  compounds  of  definite  composition  and  are  elabo- 
rated by  micro-organisms  breaking  down  the  complex  ingredients  of 
animal  tassues,  just  as  alcohol  is  due  to  the  action  of  yeasts  breaking 
down  sugar,  or  as  acetic  acid  is  due  to  the  action  of  Uycoderma  aceti 
breaking  down  alcohol.  The  formation  of  ptomaines  quite  generally, 
although  not  always,  accompanies  putrefaction  (often  in  its  early 
stages),  and  therefore  great  care  should  be  taken  to  eat  fish  only  when 
it  is  in  perfectly  good  condition.  Fish  which  has  been  frozen  and, 
aiter  thawing,  kept  for  a  time  before  it  is  cooked,  is  especially  likely  to 
contain  injurious  ptomaines. 

Canned  fi^  should  never  be  allowed  to  remain  long  in  the  can  after 
opening,  but  should  be  used  at  onoe.  There  is  some  i)ossibility  of  dan- 
ger from  the  combined  action  of  the  can  contents  and  oxygen  of  the  air 
upon  the  lead  of  the  solder  or  the  can  itself.  Furthermore,  canned 
fish  seems  peculiarly  suited  to  the  growth  of  micro-organisms  when 
exposed  to  the  air. 

Finally,  fish  offered  for  sale  should  be  handled  in  a  cleanly  manner 
and  stored  and  exposed  for  sale  under  hygienic  conditions. 

Oysters  when  "floated^  or  "fattened^  should  never  be  placed  in 
water  contaminated  by  sewage.  Severe  illness  and  death  have  resulted 
in  a  number  of  cases  from  eating  raw  oysters  contaminated  with  sewage 
containing  typhoid  fever  germs. 

It  is  only  just  to  say  that  the  dangers  from  jmrasites,  micro-organisms, 
ptomaines,  and  uncleanly  surroundings  are  not  limited  to  fish.  Under 
conditions  which  favor  the  growth  of  the  micro  organisms,  meat  and 
other  highly  nitrogenous  animal  foods  undergo  decomposition  resulting 
in  the  formation  of  ptomaines.  Animal  parasites  may  be  acquired 
firom  flesh  of  various  kinds  if  not  thoroughly  cooked,  provided  of  course 
the  flesh  is  infested.  This  danger  is  reduced  by  proi)er  inspection. 
Vegetable  foods  also  may  become  contaminated  in  various  ways.  The 
importance  of  measures  to  secure  pure  and  wholesome  food  can  hardly 
bd  overstated.  The  best  interests  of  the  people  undoubtedly  demand  a 
strict  and  imx)artial  supervision  by  public  offices  of  the  sale  of  food 
products* 


Digitized  by  VjOOQ IC 


30 


FARMERS'  BULLETINS. 


The  following  is  a  list  of  the  Farmers*  Bulletins  available  for  distribution,  showing 
the  number,  title,  and  size  in  pages  of  each.  Copies  will  be  sent  to  any  address  on 
application  to  Senators,  Representatives,  and  Delegates  in  Congress,  or  to  the  Secre- 
tary of  Agriculture,  Washington,  D.  C. : 


16.  Leguminous  Plants.    Pp.  24. 
19.  Superseded  by  No.  127. 

21.  Barnyard  Manure.    Pp.  32. 

22.  The  Feeding  of  Farm  Animals.    Pp.  32. 

23.  Foods:  Nutritive  Value  and  Cost.    Pp.  82. 

24.  Hog  Cholera  and  Swine  Plague.    Pp.  16. 

25.  Peanuts:  Culture  and  Uses.    Pp.  24. 

26.  Superseded  by  No.  1*29. 

27.  Flax  for  Seed  and  Fiber.    Pp.  16. 

28.  Weeds:  And  How  to  Kill  Them.    Pp.  32. 

29.  Souringand  Other  Changes  in  Milk.    Pp.28. 

30.  Grai>e  Diseas&s  on  the  Pacific  Coast.   Pp.  15. 

81.  Alfalfa,  or  Lucern.    Pr.  24. 

82.  Silos  and  Si  iHge.    Pp.32. 

83.  Peach  Growing  for  Market.    Pp.  24. 

34.  Meats:  Composition  and  Cooking.    Pp.  2». 

35.  Potato  Culture.    Pp.24.' 

36.  Cotton  Seed  and  Its  Products.  Pp.  16. 
87.  Kafir  Corn:  Culture  and  Uses.  Pp.  12. 
as.  Spraying  for  Fruit  Diseases.    Pp.  12. 

39.  Onion  Culture.    Pp.  31. 

40.  Farm  Drainage.    Pp.  24. 

41.  Fowls:  Care  and  Feeding.    Pp.  24. 

42.  Facts  About  Milk.    Pp.  29. 

43.  Sewage  Disposal  on  the  Farm.    Pp.  20. 

44.  Commercial  Fertilizers.    Pp.  24. 

45.  Insects  Injurious  to  Stored  Grain.    Pp.  24. 

46.  Irrigation  in  Humid  Climates.    Pp.  27. 

47.  Insects  AtTccting  the  Cotton  Plant.    Pp.  82. 

48.  The  Manuring  of  Cotton.    Pp.  16. 

49.  Sheep  Feeding.    Pp.  24. 

50.  Sorghum  as  a  Forage  Crop.    Pp.  20. 

51.  Standard  Varieties  of  Chickens.    Pp.  48. 

52.  The  Sugar  Beet.    Pp.  48. 

53.  How  to  Grow  Mushrooms.    Pp.  20. 
51.  Some  Common  Birds.     Pp.  40. 

55.  The  Dairy  Herd.    Pp.  24. 

50.  Experiment  Station  Work— I.    Pp.  31. 

57.  Butter  Making  on  the  Farm.    Pp.  16. 

58.  The  Soy  Bean  as  a  Forage  Crop.    Pp.  24. 

59.  Bee  Keeping.    Pp.  SI. 

00.  Methods  of  Curing  Tobacco.    Pp.  16. 

Gl.  Asparagus  Culture.    Pp.  40. 

62.  Marketing  Farm  Produce.    Pp.  28. 

03.  Care  of  Milk  on  the  Farm.    Pp.  40. 

64.  Ducks  and  Geese.     Pp.  48. 

05.  Experiment  Station  Work— II.    Pp.  82. 

66.  Meadows  and  Pastures.    Pp.  28. 

57.  Fore-itry  for  Fanners.    Pp.  48. 

68.  The  Black  Rot  of  the  Cabbage.    Pp.  22. 

69.  Experiment  Siaticm  Work— III.    Pp.  82. 

70.  In-cct  ICncmies  of  the  Grape.    Pp.  23. 

71.  Essentials  in  Beef  Production.    Pp.  24. 

72.  Cattle  Hanger  of  the  Southwest.    Pp.  82. 

73.  Experiment  Station  Work— IV.    Pp.  82. 

74.  Milk  as  Food.    Pp.39. 

75.  The  Grain  Smuts.    Pp.  20. 

76.  Tomato  Growing.    Pp.  30. 

77.  The  Liming  of  Soils.    Pp.  19. 

78.  Experiment  Station  Work— V.    Pp.  32. 

79.  Experiment  Station  Work— VI.    rp.  28. 

80.  The  Peach  Twig-borer.    Pp.  16. 

8L  Corn  Culture  in  tho  South.    Pp.  2L 


82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93. 

91. 

95. 

96. 

97. 

98. 

9J. 
100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 
111. 
112. 
113. 
114. 
115. 
116. 
117. 

118. 
119. 
120. 
121. 

122. 
123. 

124. 
125. 

126. 

127. 
128. 
1-29. 
180. 
131. 

132. 
133. 
134. 
135. 
136. 
137. 
188. 


The  Culture  of  Tobacco.    Pp.  24. 

Tobacco  Soils.    Pp.  23. 

Experiment  Station  Work— VII.    Pp.  82. 

Fisn  as  Food.    Pp.  30. 

Thirty  Poisonotis  Plants.    Pp.  82. 

Experiment  Station  Work— VlU.    Pp.  82. 

Alkali  Lands.    Pp.  23. 

Cowpeas.     Pp.  16. 

Superseded  by  No.  135. 

Potato  Diseases  and  Treatment.    Pp.  12. 

Experiment  Station  Work— IX.    Pp.  80. 

Su^ar  as  Food.     Pp.  27. 

The  Vegetable  Garden.    Pp.  24. 

Go  )d  lioad-  for  Farmers.    Pp.  47. 

liaising  .Sheen  for  Mutton.    Pp.  48. 

Exp^^niaent  Station  Work— X.    Pp.  32. 

Su.;Lr''>ii^^ns  to  Southern  Farmer*.    Pp.  48. 

ln^eet  I'.nemio  of  Shade  Trees.    Pp.  30. 

Hog  Kai^i^g  in  the  South.    Pp.  40. 

Millets.     p|).  28. 

SnUhern  I' or<!ge  Plants.    Pp.48. 

Ex  peri  men  I  Station  Work— XI.    Pp.  32. 

Notes  on  Frost.    Pp.  24. 

Experiment  Station  Work— XII.    Pp.  32. 

Breeds  of  Dairy  Cattle.    Pp.  48. 

Experiment  Station  Work— XIII.    Pp.  32. 

Saltbu-shes.     Pp.  20. 

Farmers'  Heading  Courses.    Pp.  20. 

Rice  Culture  in  the  United  States.    Pp.  28. 

Farraeri*  Interest  in  Gnod  Seed.    Pp.  24. 

Bread  and  Bread  Making.    Pp.  39. 

The  Apple  and  How  to  Grow  It.    Pp.  82. 

Experiment  Station  Work— XIV.    Pp.  28. 

Hop  Culture  in  California.    Pp.  27. 

Irrigation  in  Fruit  Growing.    Pp.  48. 

Sheep.  Hogs,  and  Horses  in  the  Nortliwesu 
Pp.  28. 

Grape  Growing  in  the  South.    Pp.  82. 

Experiment  Station  Work- XV.    Pp.  81. 

Insects  Affecting  Tobacco.    Pp.  32. 

Beans,  Peas,  and  other  Legumes  as  Food. 
Pp.  32. 

Experiment  Station  Work- XVI.    Pp.  82. 

Rea  Clover  Seed:  Information  for  Pur- 
chasers.   Pp.  11. 

Experiment  Station  Work— XVII.    Pp.  82. 

Protection  of  Food  Products  from  Injurioui 
Temperatures.    Pp.  26. 

Practical  Suggestions  for  Farm  Bulldlngii 
Pp.  48. 

Important  Insecticides.    Pp.  42. 

Egt?s  and  Tlieir  Uses  as  Food.    Pp.  82. 

Sweet  Potatoes.    Pp.  40. 

Tlje  Mexican  Cotton  Boll  Weevil.    Pp.  80. 

Household  Test  for  Detection  of  Oleomarga- 
rine and  Renovated  Butter.    Pp.  11. 

Insect  Enemies  of  Growing  Wheat.    Pp.  40,   , 

Experiment  Station  Work— XVIII.  j 

Tree  Planting  in  Rural  School  Groundi,        ' 

Sorghum  Sirup  Manufacture. 

Grape  Culture  in  the  North. 

The  Angora  Goat. 

Irrigation  in  Field  and  Qazden, 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


U.  S.  DEPARTMENT  OF  AGRICULTURE. 


FARMERS'  BULLETIN  No.  86. 


THIRTY  POISONOUS  PLANTS 


OF 


THE  UNITED   STATES. 


BY' 


V.   K.   CHESNUT, 

Assistant  Botanist,  U.  S.  Department  of  Agriculture. 


WASHINGTON: 

GOVERNMENT    PRINTING    OFFICE. 
1898. 


Digitized  by  VjOOQ IC 


LETTER  OF  TRANSMITTAL. 


U.  S.  Dbpartment  op  Agriculture, 

Division  of  Botant, 
Wanhington,  D.  C,  October  SI,  1898, 

Sir:  I  have  the  honor  to  sabmit  herewith  for  publication  as  a  Farmers'  Bnlletin  a 
manuscript  by  Mr.  V.  K.  Chesnut,  assistant  botanist,  entitled  Thirtv  Poisonous 
Plants  of  the  United  States.  In  Jul^,  1898,  the  Division  of  Botany  issued  as  Bnlletin 
No.  20  a  roport  by  Mr.  Chesnnt  entitled  Principal  Poisonous  Plants  of  the  United 
States.  The  publioation  of  that  bulletin,  however,  instead  of  satisfying  the  demand 
for  information  on  poisonous  plants  has  increased  it,  and  in  order  to  supply  the 
innumerable  requests  received  since  its  appearance,  it  has  seemed  desirable  to 
republish  the  information  which  it  contained,  in  a  condensed,  less  expensive,  and 
more  popular  form.  In  the  present  publication  several  of  the  less  important  poison- 
ous plants  have  been  stricken  out,  while  only  a  small  amount  of  new  matter  has 
been  added.  Physiological,  botanical,  and  chemical  technicalities  have  been  omit- 
ted, as  well  as  most  of  the  matter  relating  to  remedies.  The  omission  of  remedies 
has  been  due  to  the  difficulty  of  imparting  exact  knowledge  of  this  subject  in  suffi- 
ciently condensed  form,  and  especially  to  a  desire  to  avoid  the  danger  involved  in 
the  application,  by  inexperienced  persons,  of  remedies  which  themselves  might  be 
fatally  poisonous  if  improperly  used.  Only  under  the  most  desperate  circumstances 
should  such  remedies  be  administered  by  anyone  except  a  physician. 

Respectfully,  Frederick  V.  Covillb,  BotanUt. 

Hon.  James  Wilson,  Secretary. 
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THIRTY  POISONOUS  PLANTS  OF  THE  UNITED  STATES. 


IHTBODXJCnOH. 

In  view  of  the  frequent  complaints  made  by  farmers  and  others 
against  varions  plants  as  }>oi8onoas  to  man  and  to  animals,  it  is  surpris- 
ing that  no  illustrated  account  has  been  published  of  our  harmftd 
native  sx>ecie8  in  such  form  as  to  be  readily  accessible  to  those  who 
are  most  likely  to  suffer  from  their  effects. 

Statistics  in  regard  to  poisonous  plants  are  lacking  on  account  of  a 
general  ignorance  of  the  subject,  and  it  is  therefore  imi>OF«ible  to  form 
even  an  approximate  estimate  of  the  amount  of  damage  done  by  them. 
The  various  sx>ecies  of  water  hemlock  (Gicuta)  kill  a  number  of  children 
each  year.  In  the  State  of  New  Jersey  two  quadruple  cases  of  water 
hemlock  poisoning  were  reported  during  the  spring  of  1896,  which 
.  resulted  fatally  to  two  of  the  eight  individuals  affected.  The  number 
of  cattle  killed  by  one  species  of  Cicuta  in  Oregon  alone  is  estimated 
to  be  over  100  per  annum.  The  damage  caused  by  the  well-known  loco 
weed  in  Colorado  was  so  large  that  the  State  paid  out  nearly  $200,000 
in  bounties  in  an  effort,  unfortunately  ineffectual,  to  exterminate  the 
pest.  The  distress  caused  by  poison  ivy  is  being  constantly  expe- 
rienced by  thousands  of  individuals. 

The  Division  of  Botany  has  for  the  last  three  years  been  collecting 
general  and  specific  information  concerning  poisonous  plants,  both 
from  general  works  and  special  articles  and  by  experimental  investiga- 
tion. From  a  more  recent  date  investigations  have  been  made  of  cases 
of  poisoning  which  have  been  reported  in  the  newspapers  or  by  the 
regular  correspondents  and  friends  of  the  Division.  By  communicating 
with  the  physicians  who  had  charge  of  each  case,  accurate  and  full 
data  were  obtained  with  regard  to  many  plants. 

All  x)oisonous  plants  are  not  equally  injurious  to  all  persons,  nor  to 
all  forms  of  life.  The  most  familiar  illustration  of  this  fact  is  to  be 
found  in  the  action  of  poison  ivy.  It  has  no  apparent  external  effect 
upon  animals,  and  a  few  of  them,  such  as  the  horse,  mule,  and  goat,  eat 
its  leaves  with  impunity.  It  acts  upon  the  skins  of  a  majority  of  per- 
sons, but  with  varying  intensity.  Many  people  are  probably  wholly 
immune,  but  some  lose  their  resistant  power  in  middle  life;  others  have 
been  known  to  attain  immunity  from  it  to  a  very  considerable  degree. 
There  is  a  similar  variability  in  the  effects  of  poisonous  plants  taken 
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internally.  The  qualifications  involved  in  the  definition  of  a  poisonous 
plant  are  numerous,  and  can  not  well  be  introduced  into  this  report. 
It  may  suffice  here  to  say  that  death  in  some  cases  is  attributable  not 
to  any  x>oison  which  the  plant  contains,  but  to  immoderate  or  incau- 
tious eating,  or  to  mechanical  injury,  such  as  is  produced  in  horses  by 
the  hairs  of  crimson  clover,  whicji  under  certain  conditions  accumulate 
in  large  balls  and  obstruct  the  intestines,  or  to  the  effect  of  parasitic 
growths,  such  as  ergot  occurring  on  rye.  Keither  the  clover  nor  the 
rye  is  poisonous. 

Excluding  all  that  operate  in  these  ways,  there  is  still  a  large  number 
of  poisonous  plants  which,  on  account  of  their  limited  area  of  growth, 
and  sometimes  of  the  uncertainty  of  our  knowledge  concerning  their 
evil  effects,  are  comparatively  little  known.  In  the  present  bulletin, 
however,  it  is  possible  to  consider  only  those  which  are  well  known  to 
be  poisonous. 

FLY  AMANITA. 

Amanita  mnsoaria  (L.)  Fr. 

Other  names:  Fly  fungus;  fly  agaric f  fly  killer;  deadly  amanita;  false 
orange  amanita.    (Fig.  1.) 

Description. — The  amanitas  form  the  most  typical  genus  of  that  group 
of  fleshy  fungi  which  bear  radiating  plates  or  gills  on  the  under  surface 
of  the  cap.  In  the  early  stages  of  growth  the  amanitas  are  egg-shaped 
and  are  entirely  enveloped  by  a  white  fleecy  or  cobwebby  covering, 
wnich  is  ruptured  as  the  stem  lengthens.  In  a  few  species  this  cover- 
ing adheres  in  loose,  corky  patches  to  the  top  of  the  cap,  as  seen  in  fig. 
1,  but  sometimes  it  slips  away  from  the  cap  entirely  and  forms  a  more 
or  less  continuous  sheathing  cup  at  the  base  of  the  stem,  as  shown  in 
fig.  3.  This  fleecy  covering  and  the  invariably  bulbous  base  of  the 
stem  are  the  most  important  characteristics  of  the  genus,  while  the 
varying  appearance  of  the  former  after  rupture  helps  to  distinguish 
the  species.  These  features  are  well  pronounced  as  a  rule,  but  some- 
times it  requires  some  searching  to  find  the  cup. 

Besides  the  general  envelope  there  is  also  a  secondary  one,  which  at 
first  covers  the  gills,  extending  from  the  stem  outward  in  all  directions 
horizontally  to  the  rim  of  the  cap.  This  breaks  away  from  the  cap 
before  maturity  and  frequently  forms  a  conspicuous  collar  about  tbe 
upper  part  of  the  stem.  The  spores,  and  usually  the  gills  also,  are 
white. 

The  fly  amanita  is  a  handsome,  robust  species,  4  to  16  inches  high. 
It  is  singularly  free  from  larval  pests  and  the  usual  signs  of  decay,  and 
is  highly  attractive  in  appearance,  taste,  and  smell.  In  its  early 
stages  the  shape  of  the  cap  is  very  strongly  convex,  but  by  gradual 
expansion  it  becomes  flat  and  even  concave.  It  is  invariably  warty. 
In  color  it  varies  from  nearly  white  through  all  shades  of  yellow  to  a 
bright  red.    As  a  rule,  it  is  more  reddish  in  the  center  and  light  yellow 
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ontward,  bat  sometimes  the  color  is  aniform  throaghont.  The  enlarged 
base  is  marked  with  short,  stubby  projections  of  the  skin,  which  are 
generally  replaced  upward  along  the  lower  part  of  the  stem  by  soft, 
flexible  shavings,  as  seen  in  the  figure.  The  general  shape  of  the 
plant  is  very  much  like  that  of  the  orange  amanita  {Amanita  caeaarea)^ 
but  it  differs  conspicuously  in  the  absence  of  a  cup  and  in  the  posses- 
sion of  white  instead  of  yellow  gills  and  stems.  It  differs  also  in  usu- 
ally having  a  warty  instead  of  a  smooth  cap.  Both  grow  in  pine  and 
oak  forests  from  spring  to  autumn,  but  the  edible  species  does  not 


Fio.  l-— Fly  amanita  [Amanita  mtucaria) i  a,  mature  plant;  6,  lop  view  of  cap,  showing  corky 
patchea — b«)th  one-half  natural  size. 

appear  so  late  in  the  autumn  as  the  other.  From  the  common  mush- 
room (Agaricus  campestria)  the  fly  amanita  is  easily  distinguished  by 
having  white  instead  of  purple  gills  and  spores,  by  its  warty  cap  and 
bulbous  stem,  and  by  its  place  of  growth — the  meadow  mushroom  never 
appearing  in  forests.  The  fly  amanita  is  abundant  in  several  localities 
in  the  United  States. 

Poisonous  character. — It  is  the  best  known  of  all  the  poisonous  species. 
As  a  fly  i)oison  it  has  been  used  in  Europe  for  hundreds  of  years,  and 
the  origin  of  its  use  in  northeastern  Asia  as  an  intoxicant  is  probably 
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not  macb  more  modem.  Poisoning  is,  however,  not  so  frequently 
caused  by  it  as  by  the  closely  related  and  more  poisonoas  death  cap 
(Amanita  phalloid€$)y  yet  many  cases  have  been  recorded.  Oattle  are 
poisoned  as  well  as  men,  and  it  is  sapposed  that  their  flesh  is  thus  ren- 
dered unwholesome. 

Symptoms  oi  poifloning. — The  symptoms  come  on  generally  within  two 
hours  after  the  fungus  is  eaten,  and  consist  in  a  less  rapid  beating  ot 
the  heart  and  an  extreme  difficulty  in  breathing.  After  two  or  three 
hours  there  is  a  profound  stupor,  often  preceded  or  accompanied  by 
cold  sweats  and  nervous  phenomena — such  as  giddiness,  double  vision, 
and  lockjaw.  Vomiting  sometimes  gives  relief  to  the  patient,  but  it  is 
often  difficult  to  produce  this  effect  after  stupor  has  set  in,  even  with 
the  most  powerftil  emetics.  This  condition  may  last  from  eight  to  ten 
hours  in  milder  cases,  and  one  or  two  days  in  more  serious  cases. 
Death  follows  in  from  eighteen  hours  to  two  or  three  days,  from  a 
gradual  weakening  and  a  final  stoppage  of  the  heart's  action. 

There  is  very  little  danger  of  finding  either  the  fly  amanita  or  the 
death  cup  (a  description  of  which  follows)  mixed  with  the  meadow 
mushrooms  sold  by  regular  dealers  or  brought  into  market  by  people 
who  make  it  a  business  to  do  so,  but  diligence  should  be  maintained  by 
market  inspectors  in  scrutinizing  all  new  kinds  of  fungi  brought  in  for 
general  sale. 

DEATH  CUP. 

Amdmita  phallaidee  (L.)  Fr. 

Other  names:  Poison  amanita;  bulbous  amanita.  (Fig.  2.) 
Description  and  where  found. — This  is  not  so  large  or  brightly  colored 
as  the  fly  amanita,  but  is  nevertheless  decidedly  attractive  to  the  inex- 
perienced and  experimenting  epicure.  When  fresh  it  has  neither  a  dis- 
agreeable odor  nor  taste,  nor  has  it  any  ill  appearance  due  to  the  pres- 
ence of  larvsB.  It  grows  from  3  to  6  or  8  inches  high,  and  has  a  smooth, 
satiny  cap,  which  is  strongly  convex  at  first,  finally  becoming  flat  or 
slightly  concave.  It  is  usually  white  or  straw-colored,  but  may  be 
green,  light  brown,  yellow,  or  even  spotted  when  found  growing  in 
dense  shade.  The  stem  is  white  and  nearly  smooth.  The  covering 
present  in  the  fungus  when  young  almost  invariably  slips  away  from 
the  cap  in  this  species  at  maturity  and  forms  a  more  or  less  conspicuous 
cup  at  the  base  of  the  stem,  as  shown  in  figure  2.  In  dry  weather  it 
sometimes  partially  adheres  to  the  cap.  The  cup  is,  however,  invari- 
ably present.  In  connection  with  the  white  gills  and  spores  and  the 
bulbous  base,  it  is  the  distinguishing  feature  of  the  species.  In  general 
shape  the  death  cup  is  somewhat  like  the  common  mushroom,  but  it  is 
very  much  more  like  another  species,  the  smooth  lepiota  (Lepiota  nau- 
cina)y  which  is  considerably  sought  after  by  expert  epicures.  The 
lepiota,  like  the  death  cup,  has  a  smooth,  satiny  cap,  white  gills,  and 
white  spores,  but  it  is  distinguished  by  the  absence  of  a  sheathing  cup 
and  by  the  baU-and-socket  attachment  of  the  stem  to  the  cap,  as  well 
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as  by  its  occarrence  chiefly  in  meadows.  From  the  common  mushroom 
the  death  cup  may  be  at  once  distinguished  by  its  cup,  by  its  white  gills 
and  spores,  and  by  its  growing  in  woods  instead  of  in  meadows.  The 
death  cup  is  the  most  poisonous  of  all  the  fleshy  fungi.  It  is  found 
usually  in  pine  forests,  where  it  often  grows  in  greater  abundance  than 
any  other  species  of  fungus.  Sometimes,  however,  it  encroaches  upon 
lawns  near  the  borders  of  woods.  The  plant  is  recorded  as  growing  in 
California  and  in  various  parts  of  the  Eastern  and  Middle  States.  In 
the  vicinity  of  Washington,  D.  C,  it  is  ex- 
ceedingly abundant  in  late  autumn. 

Poiflonoiu  character. — A  large  number  of 
cases  of  poisoning  have  been  attributed  to 
this  fungus  in  ancient  as  well  as  in  modern 
times.  In  most  of  them  the  plant  was  taken 
to  be  an  edible  fungus.  In  a  few  instances 
the  mere  handling  of  the  plant  caused  se- 
rious trouble.  A  third  part  of  an  uncooked 
medium-sized  cap  proved  fatal  to  a  boy  12 
years  of  age. 

The  symptoms  are  characteristic;  no  bad 
taste  warns  the  victim,  and  usually  the  first 
effects  do  not  appear  until  from  nine  to 
fourteen  hours  after  eating.  There  is  then 
considerable  pain,  and  there  may  be  cramps 
in  the  legs  and  other  nervous  phenomena, 
such  as  convulsions  and  even  lock^jaw.  In 
a  few  cases  there  are  spasms.  The  pulse 
is  weak  and  either  quick  or  slow  in  its  ac- 
tion. The  pupils  of  the  eyes  are  sometimes 
dilated.    The  abdominal  pain  is  rapidly  fol-    „     „    ^    , 

.   .  J  ^^^'  2.— Death  cnp  (Amanita  phaU 

lowed  by  nausea,  vomiting,  and  extreme         2o»dM),onehaif  natural  size. 
diarrhea,  the  discharges  assuming  the  pe- 
culiar **rice  water"  condition  characteristic  of  cholera.    The  latter 
symptoms  are  persistently  maintained,  generally  without  loss  of  con- 
sciousness, until  death  ensues,  as  it  does  in  from  two  to  four  days. 

The  vernal  amanita  or  destroying  angel  (Amanita  verna)  is  regarded 
by  some  exi>erts  as  identical  with  the  death  cup.  It  has  the  same 
poisonous  action. 

AMEEICAH  FALSE  HELLEBOEE. 

Veratrum  viride  Ait. 

Other  names:  American  white  hellebore;  white  hellebore;  false  helle- 
bore; swamp  hellebore;  Indian  poke;  meadow  poke;  poke  root  (in 
N.  H.);  Indian  uncus;  puppet  root;  earth  gall;  crow  poison;  devil's 
bite;  duckretter;  itch  weed;  bugbane;  wolfsbane;  bear  com.    (Fig.  3.) 

Description  and  where  found. — A  stout,  herbaceous,  simple-stemmed 
perennial,  2  to  7  feet  high,  with  a  fleshy  root  1  to  3  inches  long,  large 
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plaited  stemless  leaves  of  varying  size,  and  a  large,  loose,  terminal 
cluster  of  yellowish-green  flowers  which  blossom  from  May  to  July. 
The  plant  is  native  to  the  United  States,  where  it  grows  abundantly 
in  wet  meadows  and  along  mountain  brooks  throughout  New  England; 
southward  in  cold  localities  through  New  York  and  Delaware  to  Vir- 
ginia, and  in  the  Alleghany  Mountains  to  Georgia;  westward  in  north- 
ern Wisconsin,  the  mountains  of 
Oregon,  Washington,  and  Idaho, 
and  in  Alaska. 

Poisonous  character. — Gases  arise 
mainly  from  overdoses  in  medi- 
cine, but  instances  of  accidental 
poisoning  are  reported  for  man 
and  for  various  animals  and  birds. 
The  seeds  have  been  specially 
mentioned  as  poisonous  to  chick- 
ens. Some  animals,  such  as  the 
horse,  are  x)oisoned  by  eating  the 
leaves,  but  animals  such  as  the 
sheep  and  elk,  which  chew  the 
cud,  seem  to  relish  the  plant,  and 
eat  it  with  apparent  impunity. 
The  root  has  been  eaten  with  fatal 
results  by  human  individuals. 
One  instance  is  recorded  where 
all  the  members  of  a  household 
were  poisoned  by  eatingthe  young 
leaves,  which  were  mistaken  for 
those  of  marsh  marigold  {Caltha 
paltMtris)  and  prepared  for  food. 
The  poison  operates  chiefly 
-  against  the  action  of  the  heart 

Fio.  3.-F1«e  teUebore  (Ver^m  virids),  one-         ^^  ^^^^  ^^^    ^Oth  Of  which  it 
third  natural  aise.  ^  ^ 

tends  to  paralyze.  It  has  also  a 
violent,  although  somewhat  tardy,  emetic  and  cathartic  effect,  a  prop- 
erty which  is  often  effective  in  expelling  the  poison  from  the  system 
before  it  accomplishes  its  deadly  work. 

Symptoms. — The  chief  effects  on  the  system  are  burning  in  the  throat, 
an  increased  flow  of  saliva,  defective  vision,  vomiting,  diarrhea,  severe 
headache,  dizziness,  weak  pulse,  labored  breathing,  and  profound  pros- 
tration.   Death  is  caused  by  paralysis  of  the  heart 
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POKEWEEB. 

Phytolacca  decandra  L. 

Other  names:  Poke;  poke  root;  garget;  pigeon  berry;  cocam;  jalap; 
skoke;  American  nightshade;  crowberry;  cancer  root;  chongras  (La.) ; 
redweed;  red-ink  plant;  pocan  bash.    (Fig.  4.) 

Bescription  and  where  found. — A  smooth,  rank,  snccolent  i>erennial,  6 
to  9  feet  high,  with  a  thick  half- woody  root,  purplish  stems,  large  alter- 
nate leaves,  and  nomeroas  elongated  clusters  of  small  greenish-white 
flowers,  which  blossom  throughout  the  summer,  and  are  followed  in 
autumn  by  shining  purple-black  berries.  The  plant  is  native  to  the 
United  States,  and  grows  in  rich,  moist  soils,  especially  as  a  weed  in 
cultivated  and  waste  grounds,  from  Maine  and  northern  Illinois  to  Flor- 
ida, and  westward  to  Texas,  eastern  Kansas,  and  southern  Minnesota. 


Fio.  4.— Pokeweed  {Phytolaeea  decandra)^  one-half  nataral  sise. 

Uses. — The  pokeweed  is  a  well-kuowu  plant  and  has  many  household 
uses,  but  some  chemical  or  mechanical  manipulation  seems  necessary 
to  prevent  ill  effects  when  it  is  eaten.  The  root  and  the  alcoholic 
extract  of  the  fruit  are  quite  commonly  used  as  a  household  remedy  for 
the  itch  and  other  skin  diseases  and  for  rheumatism.  The  fresh  shoots 
are  rather  widely  esteemed  as  a  substitute  for  asparagus,  but  in  the 
preparation  considerable  care  is  exercised  to  reject  the  root,  for  small 
quantities  impart  a  bitter  taste  to  the  mess,  and  larger  amounts  will 
prove  dangerous.  The  water  in  which  the  shoots  are  first  boiled  is 
also  rejected  on  account  of  the  poisonous  substance  contained  in  it. 
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The  flesh  of  the  berries  is  eaten  with  impanity  by  some  birds,  but  its 
use  by  haman  beings  can  not  be  recommended. 

Poiflonoos  character. — Most  instances  of  poisoning  arise  from  overdoses 
when  the  plant  has  been  ased  as  a  medicine,  but  there  are  also  acci- 
dental cases  due  to  the  eating  of  the  root,  which  has  been  variously 
mistaken  for  that  of  the  parsnip,  artichoke,  and  horse-radish.  A 
few  fatal  cases  of  poisoning  of  children  have  been  attributed  to  the 
fruit,  but  whether  death  was  really  due  to  the  seed  or  the  pulp  is  some- 
what uncertain.  The  evidence  is 
chiefly  against  the  seed,  for  it  is 
known  to  contain  a  poisonous  sub- 
stance. 

Pokeweed  is  a  violent  but  slow- 
acting  emetic,  vomiting  beginning 
only  after  about  two  hours.  It  also 
affects  the  nerves  and  muscles,  pro- 
ducing retching,  spasms,  severe 
purging,  and  sometimes  convul- 
sions. Death  is  apparently  due  to 
the  paralysis  of  the  respiratory 
organs. 

COEH  OOCKLK 

AgroBtemma  giihago  L. 

Other  names:  Cockle;  rose  cam- 
pion; bastard  nigelle;  old  maid's 
pmk  (N.  H.);  mullein  pink  (Nova 
Scotia) ;  licheta  ( Vt.) ;  crown  of  the 
field.    (Fig.  6.) 

Description  and  where  foimd. — ^A 
whitish,  woolly  annual,  1  to  3  feet 
high,  with  an  erect  stem,  showy, 
violet-red  flowers,  and  numerous 
rough,  black,  irregularly  rounded 
seeuSa 

The  corn  cockle  is  a  noxious  weed 
in  Europe,  and  in  the  United  States 
it  is  now  generally  introduced  in  grain  fields  from  Maine  to  North 
Dakota,  southward  through  eastern  Kansas  to  Louisiana  and  Florida; 
sparingly  in  Wyoming  and  California,  and  scarcely  at  all  in  the 
dry  regions  extending  eastward  from  California  to  Texas  and  eastern 
Kansas. 

Poisonous  character. — The  poisonous  constituent  is  very  freely  soluble 
in  water,  and  possesses  a  sharp,  burning  taste.  It  has  no  odor,  but 
when  inhaled  in  the  smallest  quantity  it  produces  violent  sneezing. 
When  briskly  shaken  with  water  it  froths  like  soap.     The  poison  is 


Fio.  5.— Com  cockle  {Agrostenvma  githago):  a, 
sprays  showing  flowers  and  seed  capsule,  one- 
third  natoral  nize;  b,  seed,  natural  sise;  b\ 
seed,  four  times  natural  siae. 
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found  in  nearly  all  parts  of  the  plant,  but  mainly  in  the  kernel  of  the 
seed. 

Ways  of  poifomng. — Gases  of  poisoning  have  been  noted  among  all 
sorts  of  poultry  and  household  animals,  but  are  rarely  due  to  any  por- 
tion of  the  plant  as  found  growing  in  the  field.  The  poisoning  is  gen- 
erally produced  by  a  poor  grade  of  flour  made  from  wheat  containing 
cockle  seeds*  Machinery  is  used  to  remove  these  seeds  from  the  wheat, 
but  the  difficulty  of  separating  them  is  so  great  that  the  result  is  not 
entirely  accomplished.  The  quantity  remaining  determines  the  grade 
of  the  flour  in  this  particular  regard.  In  European  countries  it  some- 
times amounts  to  30  or  40  per  cent,  but  this  quality  is  sent  out  only  by 
ignorant  or  unscrupulous  dealers,  or  is  intended  for  consumption 
by  animals  only.  Flour  containing  a  smaller  amount  has  often  been 
made  into  bread  and  eaten,  sometimes  with  fatal  results,  the  baking 
not  always  being  sufficient  to  decompose  the  poison.  The  efifect  may 
be  acute,  or,  if  a  small  quantity  of  the  meal  is  eaten  regularly,  it 
may  be  chronic.  In  the  latter  case  it  is  sometimes  known  as  a  disease 
under  the  name  of  ^^githagism." 

SymptomB. — The  general  symptoms  of  acute  poisoning  are  the  follow- 
ing :  Intense  irritation  of  the  whole  digestive  tract,  vomiting,  headache, 
nausea,  vertigo,  diarrhea,  hot  skin,  sharp  pains  in  the  spine,  difficult 
locomotion,  and  depressed  breathing.  Stupor  sometimes  sets  in,  and  it 
may  be  followed  by  death.  Chronic  poisoning  has  not  been  closely 
studied  in  man,  but  experiments  upon  animals  show  chronic  diarrhea 
and  gradual  depression,  the  animal  losing  vigor  in  breathing  and  in 
muscular  movements  until  death  ensues. 

Corn  cockle  meal  is  easily  detected  in  second  and  third  class  flour  by 
the  presence  of  the  black,  roughened  scales  of  the  seed  coat.  These 
are  sure  to  occur  if  the  flour  has  not  been  well  bolted.  Its  presence  is 
otherwise  detected  by  the  peculiar  odor  produced  when  the  meal  is 
moistened,  and  by  chemical  tests  with  iodine. 

Wheat  containing  corn  cockle  seeds  should  be  rejected  for  planting. 

BWAEF  LAEK8PUB. 

Delphinium  trioome  Michz. 

Other  name:  Stagger* weed  (Ohio).    (Fig.  6.) 

Description. — The  genus  Delphinium,  formed  by  the  larkspurs,  is 
composed  of  erect  herbs,  with  palmately  lobed  leaves,  and  an  elongated 
cluster  of  showy  flowers.  These  are  commonly  blue,  and  are  further 
characterized  by  the  absence  of  green  parts,  and  the  presence  of  a 
I>eculiar  spur-like  appendage. 

There  are  over  25  species  native  to  the  United  States.  Few  have  a 
very  wide  distribution,  but  some  of  the  Western  species  are  extremely 
abundant  in  their  natural  place  of  growth.  They  have  a  general  repu- 
tation of  being  poisonous  to  cattle. 
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The  dwarf  larkspur  is  a  smooth,  simple-stemmed  perennial,  6  to  12 
inches  high,  with  a  tuberous  root,  deeply  5-parted  leaves,  and  a  long, 
loose  cluster  of  blue  (sometimes  white)  flowers,  which  appear  in  April 
and  May.  It  grows  in  clayey  soil  and  open  woods,  from  Pennsylvania 
and  the  mountains  of  Forth  Carolina  to  southern  Minnesota.    It  is 

especially  reported  from  Ohio  a^ 
fatal  to  cattle  in  April,  when  the 
fresh  leaves  appear. 

WYOMnrG  LABKSPTJR. 


^iN 


Fig.  0 Dwarf  UrkBpur  (Delphinium  tricome), 

one-third  natural  size. 


Delphinum  geyeri  Greene. 

Other  name:  Poison  weed. 

Description  and  where  found. — A 
somewhat  hairy  perennial,  10  to  20 
inches  high,  with  a  large  spheroid- 
al tuft  of  rather  thick,  dull-green 
leaves,  and  a  central  column  of 
deep  azure-blue  flowers.  A  com- 
mon high  prairie  plant  of  Wyom- 
ing and  northern  Colorado.  It  is 
reported  to  be  the  most  trouble- 
some of  the  poisonous  plants  of 
Wyoming.  Eanchmen  suffer  con- 
siderable loss  from  it,  especially 
in  early  spring,  when  the  dark- 
green  tufts  of  foliage  are  con- 
spicuous features  of  the  otherwise 
dry  and  barren  landscape. 

PUBPLE  LAEKSPUR. 

Delphinium  menziem  DC. 


Description  and  where  foimd. — ^A 
somewhat  hairy,  tuberous-rooted  perennial,  about  a  foot  high,  with  a 
basal  cluster  of  finely  divided,  long-stemmed  leaves,  and  a  single  column 
of  showy  blue  flowers,  which  appear  at  any  time  between  April  and 
July.  The  flowers  are  few  in  number,  but  are  extra  large,  being  from 
1  to  1 J  inches  broad.  This  species  is  found  native  on  hillsides  from 
the  vicinity  of  San  Francisco  to  British  Columbia  and  eastward  as  far 
as  South  Dakota.  In  Montana  it  is  very  common  throughout  the  State. 
Poisonous  character. — The  percentage  of  fatal  cases  in  cattle  which 
have  eaten  this  and  other  larkspurs  is  said  to  be  small.  A  rough  esti- 
mate by  a  cattleman  places  it  at  about  20  per  cent  for  one  species  of 
the  group,  when  the  animals  are  not  properly  treated,  and  6  per  cent 
otherwise.  This  is  probably  a  low  estimate,  however,  for  in  a  case  of 
poisoning  from  D.  menzieaii  that  occurred  in  Montana  in  May,  1897, 
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and  was  reported  by  Dr.  B.  V.  Wilcox,  nearly  600  sheep  were  affected, 
250  of  which  died.* 

It  is  an  excellent  precaution  to  allow  animals  in  pastores  containing 
larkspur  only  when  well  fed,  and  then  only  for  short  periods,  until  they 
become  thoroughly  familiar  with  the  deleterious  nature  of  the  plants. 

The  tall  mountain  larkspur  (Delphinium  trolliifoliuin)j  sometimes 
known  as  cow  poison,  grows  in  moist,  shady  places  from  Monterey, 
Cal.,  to  British  Columbia.  Beports  of  poisoning  come  from  California 
and  Oregon.  The  poisonous  qualities  of  this  species  have,  however, 
been  considerably  questioned. 

A  lavender-colored,  fleshy-rooted  larkspur  (Delphinium  reeurvatum) 
which  grows  in  moist  saline  soils  south  of  San  Francisco  and  Stockton, 
in  California,  is  particularly  reported  as  fatal  to  animals  in  San  Luis 
Obispo  County. 

The  seed  of  the  European  stavesacre  (Delphinium  staphisagria)  has 
long  been  regarded  as  a  powerful  poison.  The  seed  of  the  commonly 
introduced  larkspur  (D.  consolida)  is  regarded  as  less  x>oisonous;  the 
leaf  is  reputed  to  be  poisonous  to  cattle  in  Europe.  The  leaf  of  the 
stavesacre  has  only  recently  been  shown  to  be  poisonous.  The  proper- 
ties of  the  roots  of  these  and  other  species  are  not  well  known.  Little 
or  no  attention  has  yet  been  paid  by  American  chemists  to  the  native 
larkspurs,  hence  it  is  not  known  how  poisonous  they  are  in  comparison 
with  European. 

BLACK  GHEBBT. 

PrunuB  aeroHna  Ehrh. 

Other  names:  Wild  black  cherry;  wild  cherry;  rum  cherry;  whisky 
cherry.    (Pig.  7.) 

Desoription  and  where  found. — ^A  valuable  forest  tree,  60  to  80  feet 
high,  with  thin,  reddish-brown,  scaly  bark,  tapering,  saw-edged  leaves, 
cylindrical  clusters  of  small  white  flowers  appearing  in  April  and  May, 
and  shining-black,  edible  fruit,  about  a  quarter  of  an  inch  in  diameter. 
It  grows  abundantly  in  forests  in  the  Middle  Atlantic  and  Ohio  Eiver 
States;  less  commonly  in  woods  and  in  the  open  country  in  the  south- 
em  New  England  and  Gulf  States,  and  westward  from  Illinois  to 
South  Dakota,  eastern  Nebraska,  and  Arkansas.  As  an  ornamental 
and  shade  tree  it  is  cultivated  extensively  in  Wyoming  and  Colorado, 
and  eastward  to  the  Atlantic. 

Fruit — ^The  fruit  is  rather  agreeable,  being  but  slightly  bitter  and 
astringent  in  taste.    In  some  localities  it  is  much  used  to  flavor  Uquor. 

*  Since  the  above  was  in  press,  Dr.  S.  B.  Nelson,  Professor  of  Veterinary  Sciences 
Sn  the  Washington  State  Agricultural  College,  has  published  (Bull.  No.  22,  Bureau 
of  Animal  Industry,  U.  8.  Department  of  Agriculture)  the  results  of  an  experiment 
made  by  himself,  in  which  as  much  as  24i  pounds  of  the  fresh  leaves  of  this  plant 
was  fed  to  a  sheep  within  a  period  of  five  days  without  any  apparent  ill  effect.  An 
experiment  made  by  Dr.  Wilcox  (Bull.  No.  15,  Montana  Agricultural  £xi>eriment 
Station)  shows  that  the  extract  from  less  than  an  ounce  of  the  dried  leaves  kiUed  a 
yearling  lamb  in  two  hours,  the  dose  having  been  given  by  way  of  the  mouth. 
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Ways  of  poisoning. — ^PoisoDing  is  frequently  caused  in  cattle  by  eat- 
ing the  wilted  leaves  from  branches  thrown  carelessly  within  their 
reach  or  ignorantly  offered  as  food.  Children  occasionally  die  from 
eating  the  kernels  of  the  seed  or  from  swallowing  the  firuit  whole. 

Symptoms. — The  prominent  symptoms  of  black-cherry  poisoning  ob- 
served in  cattle  are  labored  breathing,  diminished  pulse,  numbness, 
protruding  eyeballs,  convulsions,  and  death  from  paralysis  of  the  lungs. 
In  some  cases  there  is  considerable  frothing  at  the  mouth;  in  all  there 
is  a  very  perceptible  odor  of  prussic  acid  in  the  breath. 

The  freshly  cut  branches  of  the  trees  should  in  no  case  be  thrown 
where  cattle  can  get  at  them. 


Fio.  7.— Black  oheny  (PrunuM  gerotina)^  one-third  nataral  size. 

WOOLLY  LOCO  WEED. 

Astragalus  mollisaimus  Torr. 

Other  names:  Loco  weed;  crazy  weed.    (Fig.  8.) 

Description  and  where  found. — A  silvery- white,  silky-leaved  perennial 
8  to  12  inches  high,  with  an  abundance  of  soft  foliage  springing  out  in 
a  cluster  from  a  short  central  stem  close  to  the  ground.  The  flowers 
are  pea-shaped  and  usually  purple.  The  pod  is  distinctly  two-celled. 
This  plant  is  native  to  the  Great  Plains  region,  extending  from  west- 
ern Tesas  and  New  Mexico  northward  to  South  Dakota  and  Wyoming, 
being  most  abundant  in  Colorado  and  in  the  western  part  of  Nebraska 
and  Kansas.    It  grows  both  on  the  open  prairie  and  on  rocky  hillsides. 

How  stock  are  affected. — Horses,  cattle,  and  sheep  are  affected  by  loco, 
but  the  principal  damage  is  done  to  horses.  The  effect  is  not  acute, 
but  in  its  slow  progress  simulates  diseases  caused  by  bacteria,  worms, 
or  other  parasites  or  such  as  are  caused  in  man  by  the  continued  use 
of  alcohol,  tx)bacco,  or  morphine.  Two  stages  are  recognized.  The 
flrst,  which  may  last  several  months,  is  a  period  of  hallucination  or 
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mania  accompanied  by  defective  eyesight,  during  which  the  animal 
may  perform  all  sorts  of  antics.  After  acquiring  a  taste  for  the  plant 
it  refuses  every  other  kind  of  food,  and  the  second  stage  is  ushered  in. 
This  is  a  lingering  period  of  emaciation,  characterized  by  sunken  eye- 
balls, lusterless  hair,  and  feeble  movements.  The  animal  dies  as  if 
from  starvation,  in  periods  ranging  from  a  few  months  to  one  or  two 
years. 
Damage  done. — The  damage  done  to  the  live-stock  business  by  this 


^      „     ^    „     -  ^  ,4_.        ,  „.  ^  FiQ.9 — Stemle8sloooweed(Ara- 

FIG.  8.- WooUy  loco  weed  (AHrag<^  moUuH.  lambertii) :  a.  flowering 

r^Jt^ ''  "*  T?i    ^*      ;  ;  '''**'  "^       ^"  Pl»°t;  ft,  Beed  pods;   c.  cross 

both  one-thirdnatuna  size.  ^^,^^  ^^  ^^  ^_^^^  ^^^ 

third  natural  sise. 

weed  is  immense.  As  mentioned  in  the  introduction,  the  State  of  Col- 
orado paid  out  nearly  $200,000  in  bounties  between  1881  and  1885  in 
an  attempt  to  exterminate  it. 

This  genus  contains  a  large  number  of  species,  and  it  is  quite  prob- 
able that  many  of  these  should  be  considered  to  be  poisonous  where 
they  grow  over  wide  areas  of  pasture  laud,  and  are  green  at  periods 
when  there  is  but  little  green  grass.  Over  a  half  dozen  have  been 
reported  to  the  Department  of  Agriculture  as  highly  detrimental  to  the 
stock  industry. 
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STEHLESS  LOCO  WEED. 

Aragallus  lambertii  (Pursh)  Greene. 

Other  names:  Loco  weed;  crazy  weed ;  Colorado  loco  vetch.  (Fig.  9.) 
Description  and  where  fonncL — ^This  differs  from  the  true  loco  weed 
most  conspicaoasly  in  its  more  erect  and  branchless  habit,  its  longer  ^ 
leaflets,  which  are  linear  or  oblong  instead  of  ovate,  and  the  one-celled 
seed  pod.  It  ranges  over  the  same  territory  as  does  the  woolly  loco 
weed,  bat  extends  farther,  being  found  throughout  the  Great  Plains 

from  British  America  to  Mexico, 
and  it  also  ascends  higher  in  the 
mountains,  growing  luxuriantly 
at  Silver  Cliff,  in  Colorado,  at  an 
altitude  of  about  8,000  feet. 

Symptoms. — So  far  as  has  been 
observed,  the  symptoms  of  poison- 
ing are  identical  with  those  pro- 
duced by  the  preceding  species. 
The  two  plants  are  considered  to 
be  equally  prejudicial  to  the  stock- 
raising  interests  of  Kew  Mexico. 

&ATTLEBOX. 

Crotalaria  BogitialiB  L. 

Other  names:  Battleweed;  wild 
pea.    (Fig.  10.) 

Besoription  and  where  found. — ^A 
hairy  annual,  3  to  18  inches  high, 
with  simple  undivided  leaves,  1  to 
2  inches  long,  and  small,  yellow 
I>ea-like  flowers  appearing  in  July. 
The  seed  pods  are  about  an  inch 
in  length  when  mature,  and  are 
Fio.  10— Rattiebox  (Crotalaria  tagiuaiii):  a,  nearly  black.  They  are  much  in- 
;::r.nl1h:;a*«a3.!::"°°  ^'^'^-    sated,  and  as  the  walls  are  stiff 

and  thin  and  very  resonant,  they 
make  excellent  miniature  rattles  when  the  seeds  have  become  detached 
from  their  fastenings  inside  the  pod.  The  rattlebox  is  native  in  low, 
sandy  soils  from  the  Atlantic  westward  to  Minnesota  and  eastern 
Kansas ;  also  in  Kew  Mexico.  It  is  common  in  Connecticut,  New  Jersey, 
and  North  Carolina,  and  in  some  years  is  very  abundant  in  bottom 
lands  along  the  valley  of  the  Missouri,  in  South  Dakota  and  Iowa. 

Poisonous  character. — ^The  poisonous  constituent  is  unknown,  but  it 
resides  both  in  the  leaves  and  in  the  seeds.  Horses,  and  sometimes 
cattle,  are  killed  by  eating  grass  or  meadow  hay  mixed  with  the  plant. 
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They  are  not  poisoned  so  often  by  eating  the  plant  in  the  field.  Pub- 
lio  attention  was  first  called  to  the  poisonous  nature  of  rattlebox  by 
Dr.  Stalker,  of  Iowa,  who  in  1884,  while  investigating  the  cause  of  "bot- 
tom disease,"  then  prevalent  among  horses  in  Iowa,  was  led  to  believe 
that  it  was  mostly  if  not  altogether  attributable  to  this  plant.  Experi- 
ments were  made  which  proved  the  supposition  to  be  correct. 

Symptoms. — As  generally  described  &om  accidental  cases,  the  symp- 
toms are  much  prolonged,  death  resulting  only  after  several  weeks  or 
months.  There  is  a  general  decline 
of  vigor,  and  a  gradual  loss  of  fiesh 
as  observed  in  the  case  of  loco,  with 
which  this  plant  is  closely  related. 
The  rattlebox  does  not,  however, 
appear  so  often  to  produce  the 
craziness  characteristic  of  loco. 

The  percentage  of  rattlebox  in 
meadow  hay  will  be  much  reduced 
if  the  fields  are  burned  over  when 
the  seeds  mature  the  preceding 
summer.  The  growth  of  perennial 
grasses  will  not  be  materially  af- 
fected thereby. 

CAPEE  SPUEGE. 

Euphorbia  lathyris  L. 

Other  names. — Garden  spurge; 
myrtle  spurge;  mole  plant;  mole 
weed;  mole  tree;  gopher  plant; 
antigopher  plant;  wild  caper;  ca- 
per bush;  wolfs  milk;  spring  wort. 
(Fig.  11.) 

Description  and   where   found. — A      Fio.  ll.  — Caper  sparge   (Eupfutrbia  lathyria): 

smooth  herbaceoas,  milkyjuiced  rrJl'^Uaief'^^T^.'^  "'""' 
perennial,  2  to  3  feet  high,  with  a 

stiff,  erect  stem,  and  opposite,  four-ranked  leaves,  the  lower  of  which 
are  thick  and  oblong,  the  upper  thin,  broad,  and  heart-shaped.  The 
flowers  are  greenish-yellow  and  rather  small.  The  three-seeded  fruit 
is  conspicuous.  It  is  a  common  garden  plant,  sparingly  iutroduced  in 
wet  ground  in  California  and  Texas,  and  in  the  Atlantic  States  from 
Few  Jersey  to  West  Virginia  and  North  Carolina. 

Poisonous  properties. — The  fresh  milky  juice  is  exceedingly  acrid  and 
the  fruit  is  highly  purgative  and  poisonous.  When  used  as  a  house- 
hold remedy  it  often  provokes  serious  trouble.  Women  and  children 
are  not  infrequently  poisoned  by  handling  the  plant  and  getting  the 
juice  on  the  face.  Cattle  are  quite  resistant  to  its  influence,  but  they 
are  sometimes  overcome.  Goats  will  eat  the  plant  extensively  if  noth- 
7828— No.  86 2 
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ing  better  presents  itself^  and  it  is  said  that  their  milk  then  possesses 
all  of  the  venomous  properties  of  the  plant.  When  applied  to  the 
skin  the  juice  causes  redness,  itching,  pimples,  and  sometimes  gan- 
grene, the  eftiect  often  lasting  more  than  a  week.  The  seed  taken 
internally  in  overdose  will  inflame  the  month  and  stomach,  and  cause 
intense  diarrhea  and  vomiting.  If  the  dose  is  sufficient,  there  will  be 
nervous  disorders,  unconsciousness,  general  collapse,  and  death. 

SHOW  OH  THE  MOUHTAIH. 

Euphorbia  marginata  Parsh. 

Description  and  where  found. — An  annual  plant  2  to  4  feet  high,  differ- 
ing mosl}  conspicuously  from  the  preceding  species  in  its  more  slen- 
der and  less  branching  habit, 
and  in  having  its  upper  leaves 
broadly  margined  with  white. 
(Fig.  12.)  Its  general  aspect  is 
far  more  pleasing  to  the  eye,  and 
on  this  account  it  is  more  fre- 
quently gathered  for  decorative 
purposes.  This  spurge  is  a  na- 
tive weed  of  the  Great  Plains 
from  Montana  to  Mexico,  and  is 
spreading  eastward  rapidly  to 
Louisiana  and  thi^ough  southern 
Minnesota  and  Missouri  to  Wis- 
consin, Illinois,  and  Indiana.  It 
is  cultivated  considerably  for 
ornament,  especially  in  the  North- 
ern Atlantic  States,  where  it  has 
frequently  escaped  from  cultiva- 
tion. It  has  recently  been  intro- 
duced as  a  weed  into  Germany. 
PoiMnooii  property. — The  poison 
of  this  plant  reaches  the  stomach 
so  far  as  known  only  through  the 
eating  of  honey  derived  from  its 
flowers.  Large  quantities  of  fall 
no.  i2.-snow  on  the  mounteiii  (EuphorHa  mar.    ^oney  are  annually  made  unsal- 

ginata) :  a,  whole  plant,  one-third  natural  size ;        ,,.,        ,..  ,  ^,         ,, 

6,  seed  capsule,  natural  si«e.  able  lU  loCalltlCS  whorC  the  plant 

grows  in  great  abundance.  The 
honey  is  hot  and  disagreeable  to  the  taste,  but  does  not  appear  to  be  a 
very  serious  poison,  its  effects  being  confined  mostly  to  vomiting  and 
purging.  The  milky  juice,  when  it  gets  on  the  skin,  very  often  causes 
an  itching  inflammation,  accompanied  by  pimples  and  blisters  which 
last  for  several  days.  The  general  effect  is  much  like  that  observed 
in  rhus  poisoning,  for  which  it  is  sometimes  mistaken.    This  blistering 
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action  is,  in  fact,  so  decided  that  a  few  stock  raisers  in  Texas  use  the 
juice  to  brand  cattle,  it  being  held  by  them  to  be  superior  to  a  red-hot 
iron  for  that  purpose,  because  the  scar  heals  more  satisfactorily. 

POISOH  IVY. 

Rhus  radicariB  L. 

Other  names:  Poison  oak;  poison  vine;  three-leaved  ivy;  i>oison 
creeper;  mercury  or  markry  (N.  H.  and  N.  J.);  black  mercury  (Me.); 
markweed  (Me.);  pickry  (Me.).    (Fig.  13.) 

Description  and  where  found. — A  climbing  or  trailing  shrub  (sometimes 
erect),  with  variable  three- foliate 
leaves,  aerial  rootlets,  and  green- 
ish flowers,  appearingin  May  and 
June.  The  smooth,  waxy,  white 
fruit  often  remains  on  the  plant 
until  late  in  winter.  The  leaves 
often  resemble  those  of  the  box 
elder,  as  in  the  figure.  They 
differ  from  those  of  the  Virginia 
creeper  in  having  only  three  leaf- 
lets instead  of  five.  Poison  ivy 
grows  everywhere  in  open  brush, 
in  ravines,  and  on  the  borders  of 
woods,  and  it  is  spread  along 
roadsides  and  cultivated  fields 
from  seeds  carried  by  crows, 
woodpeckers,  and  other  birds 
that  feed  ui)on  its  fruit  in  winter. 
Through  ignorance  or  careless- 
ness, and  at  the  imminent  risk  of 
causing  great  bodily  discomfort 
to  many  persons,  this  vine  is 
sometimes  planted  about  subur- 
ban and  even  city  residences  for 
the  sak  e  of  omamen  t.  It  occurs 
wild  in  abundance  throughout 
the  United  States  as  far  west  as    ^f  ^^-J^^^^JJ (Rhus radicar^):  a  ap^y show. 

i.  TT  *°^  aerial  rootleta  and  leaven ;  fc,  fruit—both  one* 

eastern  Texas,  eastern  Kansas,      fourth  natural  size. 
and  Minnesota,  and  in  greater  or 

less  abundance  throughout  the  less  arid  region  of  the  West,  with  the 
exception  of  California  and  the  western  parts  of  Oregon  and  Washing- 
ton, where  it  appears  to  be  entirely  replaced  by  Rhus  diversiloba. 

Poisonous  character. — Eecent  experiments  made  by  Dr.  Franz  Pfaff,  of 
the  Harvard  University  Medical  School,  have  shown  that  the  poison  is 
a  nonvolatile  oil.    It  is  found  in  all  parts  of  the  plant,  even  in  the  wood 
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after  long  drsring.  Like  all  oils,  it  is  insolable  in  water,  and  can  not 
therefore  be  washed  off  the  skin  with  water  alone.  It  is  readily 
removed  by  alcohol,  and  very  easily  destroyed,  as  Pfaff  has  shown,  by 
an  alcoholic  solution  of  sugar  of  lead  (lead  acetate). 

Effect  of  the  poison. — ^Numeroas  experiments  show  conclusively  that 
the  oil  produces  precisely  the  same  effect  as  does  the  plant  itself.  When 
a  very  minute  amount  is  placed  upon  the  skin,  it  is  gradually  absorbed 
in  the  course  of  a  day  or  so,  and  within  certain  limits  the  effect  is  pro- 
portional to  the  time  of  contact.  In  an  experiment  performed  by  the 
writer,  the,  oil  was  applied  to  four  places  on  the  left  wrist,  and  these 
were  carefully  guarded  to  prevent  spreading,'  At  the  end  of  an  hour 
one  of  the  si)ots  was  thoroughly  washed  by  successive  applications  of 
alcohol ;  in  three  hours  the  oil  from  a  second  was  washed  off  in  the 
same  manner,  and  the  others  were  cleansed  three  hours  later.  There 
was  little  or  no  effect  on  the  first;  that  on  the  second  was  more  marked, 
but  did  not  equal  that  produced  on  the  last  two,  which  was  about  the 
same  in  each.  The  spots  were  within  an  inch  of  each  other,  but 
remained  wholly  distinct,  a  fact  which  very  clearly  shows  that  the  affec- 
tion is  not  spread  by  tho  blood.  Subsequent  applications  of  an  alcoholic 
solution  of  sugar  of  lead  gave  speedy  and  permanent  relief. 

Eemedies. — In  practice  it  is  not  desirable  to  use  strong  alcohol,  which 
is  apt  to  be  too  irritating  to  a  sensitive  surface,  but  a  weaker  grade  of 
from  50  to  75  per  cent  is  recommended.  To  this  the  powdered  sugar 
of  lead  is  to  be  added  until  no  more  will  easily  dissolve.  The  milky 
fluid  should  then  be  well  rubbed  into  the  affected  skin,  and  the  opera- 
tion repeated  several  times  during  the  course  of  a  few  days.  The  itch- 
ing is  at  once  relieved  and  the  further  spread  of  the  eruption  is  checked. 
The  remedy  has  been  tried  in  a  large  number  of  cases  and  has  always 
proved  successful.  It  must  be  remembered,  however,  that  the  lead 
solution  is  itself  very  poisonous  if  taken  internally. 

Restrictive  and  preventive  measures. — It  is  highly  desirable  that  legal 
measures  be  adopted  compelling  the  destruction  of  these  plants  where 
they  abound  in  cities  and  in  places  of  popular  resort.  This  can  be  man- 
aged without  much  danger  from  the  poison,  and  is  a  matter  of  very 
general  public  interest.  As  has  already  been  noted,  many  individuals  are 
practically  immune  from  the  effects  of  poison  ivy.  Advantage  should 
be  taken  of  this  fact  to  employ  such  individuals  to  remove  these  plants 
from  the  vicinity  of  dwellings  and  from  playgrouu'ds.  Much  of  the  work 
would  be  purely  mechanical,  consisting  in  rooting  the  plants  up  by 
main  force.  This  is  the  most  certain  method ;  the  use  of  concentrated 
sulphuric  acid  is  attended  with  less  danger,  as  the  plants  do  not  need 
to  be  touched.  A  half  teaspoonful  should  be  applied  to  the  stem  every 
two  or  three  weeks  in  the  springtime  when  the  plant  is  growing  most 
vigorously.  Care  should  be  taken  to  keep  the  acid  away  frx)m  the  skin, 
as  it  is  most  highly  corrosive*  The  brush  should  in  no  case  be  left 
upon  the  ground  nor  the  wood  used  for  friel.    In  burning  the  refuse  in 
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the  field,  pains  should  be  taken  not  to  inhale  the  smoke  nor  to  handle 
the  wood  any  more  than  necessary. 

The  greatest  care  should  be  exercised  in  preventing  workmen  from 
transferring  the  oil  from  their  clothes  and  hands  to  other  individuals. 
To  accomplish  this  object  special  suits  should  be  worn,  and  the  hands 
should  be  washed  several  times  a  day  with  the  alcoholic  sugar  of  lead 
solution  described  above.  Bathing  in  hot  water  with  strong  soap- 
suds is  recommended.  The  clothing  must  also  be  well  washed,  and 
it  is  always  well  to  remember 
that  towels  may  be  a  means  of 
conveying  the  oil. 

POISOH  OAK 

Bhus  diverailoha  Torr.  &  Gr. 

Other  names:  Poison  ivy;  yeara; 
California  poison  sumac.    (Fig.  14.) 

Description  and  where  found. — ^The 
poison  oak  differs  from  the  preced- 
ing species  mainly  in  the  character 
of  its  leaflets,  which  are  somewhat 
thicker  and  smaller,  more  nearly 
elliptical,  and  less  sharply  lobed. 
Their  similarity  to  the  leaves  of  the 
Western  oaks  gives  the  plant  its 
common  name.  The  poison  oak 
grows  at  low  elevations  in  open 
woods,  on  bushy  hillsides  and  ra- 
vines, and  sometimes  along  fences, 
in  Arizona  and  to  the  west  of  the 
Sierra  Nevada  and  Cascade  ranges 

in  California,  Oregon,  and  Wash-  fio.  u— poIbod  oak  (Rhus  dtvernioba),  showing 
ington.  It  does  not,  however,  fre-  i^^«»'  fi°^«"'  ^^  '™**'  one-third  natural 
quent  the  higher  mountains. 

Poisonous  character  and  remedy. — This  species  produces  about  the  same 
effect  on  the  human  skin  as  the  poison  ivy,  and  cases  of  poisoning  are 
to  be  treated  in  the  same  way. 

POISOH  SUIIAC. 

Bhu9  vemix  L. 

Other  names:  Swamp  sumac;  dogwood  (Mass.);  poison  dogwood;  poi- 
son elder  (Ala.);  poison  ash  (Vt.);  poison  tree;  poison  wood;  poison 
swamp  sumac;  thunderwood  (Ga.,  Ya.).  '  (Fig.  15.) 

Description  and  where  found. — A  tree-like  shrub  6  to  30  feet  high,  with 
long  pinnate  leaves  having  from  7  to  13  leaflets,  without  marginal 
teeth.  The  wood  has  a  faint  sulphurous  odor,  which,  together  with  the 
leaf  scars,  which  are  very  prominent,  enables  one  to  distinguish  the 
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plant  from  other  shrabbery  in  winter.    It  grows  in  swamps  and  in 
damp  woods  from  Florida  to  Canada  and  westward  to  Louisiana. 
Poisonons  character. — This  also  affects  the  skin  in  the  same  way  as 

poison  ivy,  and  cases  reqnire 
the  same  remedy. 

RED  BUCKEYE. 

Jetoulus  pavia  L. 

Other  names:  Small  buck- 
eye; buckeye;  horse-chestnut. 

Description  and  where  found. — 
A  shrub  8  to  12  feet  high,  with 
opposite  long-stemmed  leaves, 
and  numerous  clusters  of 
bright  red  flowers,  which  ap- 
I)ear  in  March.  The  fruit  is 
smooth,  even  when  young;  the 
seeds  are  mahogany-colored 
and  are  elegantly  polished. 
The  red  buckeye  is  native  in 
fertile  valleys  from  Virginia 
to  Florida,  throughout  the 
Gulf  States  to  Louisiana,  and 
in  Arkansas.  It  is  sparingly 
represented  in  Missouri,  Ten- 
nessee, Kentucky,  and  West 
Virginia.  It  is  cultivated  to 
some  extent  in  Pennsylvania. 

Poisonous  character. — The 
records  of  its  jwisonous  action 
are  mostly  confined  to  its  use 
as  a  means  of  procuring  fish, 
but  cattle  are  sometimes  killed 

Fio.  15 — FoUoD  sumao  (Rhti*  vemie),  showing  leavea,      ,  j.-u      j*      'j.       ij, 

fruit,  and  leaf-scars,  one-fourth  natural  sire.  by   OatlUg  the   frUlt.      it   WaS 

formerly,  and  perhaps  is  still, 
the  practice  to  stir  the  bruised  seeds  or  twigs  into  small  ponds  and 
gather  the  stupefied  fish  by  hand  as  they  rise  to  the  surface.  When 
thoroughly  cooked  these  fish  are  quite  wholesome. 

Other  species. — ^The  common  horse-chestnut  (Aesculus  hippocastanum) 
is  poisonous.  In  England,  however,  it  is  fed  to  cattle  after  the  removal 
of  the  poison  by  thorough  washing  with  alkali.  Gases  of  poisoning  by 
this  and  the  next  species  have  arisen  from  overdoses  in  medicine. 
The  Ohio  buckeye  {Aesculus  glabra)  is  regarded  as  intermediate  between 
the  above  species  in  its  poisonous  qualities.  The  fruit  of  the  California 
buckeye  (Aescult^  cali/omica)  is  sometimes  made  into  soup  and  bread 
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by  the  Eonnd  Valley  Indians,  after  removing  the  poison  by  roasting 
and  leaching. 

WATBR  HEMLOCK 

Ciouia  maeulaia  L. 

Other  names:  American  water  hemlock;  wild  hemlock;  spotted  hem- 
lock; spotted  parsley;  snakeweed;  beaver  poison;  mnsquash  root; 
mnskrat  weed;  cowbane;  spotted  cowbane;  children's  bane;  death  of 
man.    (Fig.  16.) 

Description  and  where  fonnd. — A  smooth,  erect,  perennial,  3  to  8  feet 
high,  with  a  rigid,  hollow  stem, 
namerous  branches,  finely  dis- 
sected leaves,  white  flowers, 
and  a  clnster  of  spindle-shaped 
roots,  which  vary  in  length 
from  1^  to  3  inches,  and  are 
very  characteristic  of  the  plant. 
It  grows  commonly  in  swamps 
and  damp  soil,  throughout  the 
Atlantic  States,  westward  to 
Louisiana,  Iowa,  and  Minne- 
sota; much  less  commonly 
northwestward  through  Ne- 
braska to  the  Eocky  Mountains, 
and  in  New  Mexico. 

Poisonous   property. — ^This   is 
o  jeof  the  most  i)oisonous  native 
plants  in   the  United  States, 
being  rapidly  fatal  to  both  man 
and  animals.    The  roots    are 
especially  dangerous,  because 
the  taste,  being  aromatic  and 
to  some  people  suggesting  that 
of  horse-radish,  parsnips,  arti- 
chokes, or  sweet  cicely,  is  apt  to 
lead  children  to  eat  them  when 
they  are  found  forced  out  of  the  soil  by  washing,  freezing,  or  other  causes 
in  early  spring.    Cattle  sometimes  eat  the  tubers,  and  in  marshes  they 
are  poisoned  by  drinking  water  contaminated  by  the  juice  of  roots 
which  have  been  crushed  by  being  trampled  upon.    Ko  estimate  can 
be  made  of  the  amount  of  damage  done  to  live  stock,  but  it  is  very 
considerable.    The  human  victims  average  several  per  annum.    In  the 
State  of  New  Jersey  alone,  as  mentioned  in  the  introduction,  two 
quadruple  cases  were  reported  during  the   spring   of  1896,  which 
resulted  in  the  death  of  two  individuals. 

Symptoms. — The  prominent  symptoms  are  vomiting,  colicky  pains, 
staggering,  unconsciousness,  and  frightful  convulsions,  ending  in  death. 


Fio.  16.— Water  hemlock  (CSeuta  maculata),  showing 
section  of  spindle-shaped  root  and  lower  stem,  the 
leaves,  flowers,  and  ftnit  one-half  natural  size ;  also 
fmit  and  cross  section  of  seed,  enlarged  five  times. 
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OBEGOn  WATER  HEMLOCK 

dcuia  vagana  Greene. 

Other  names:  Water  hemlock;  cicata.    (Fig.  17.) 

Description  and  where  found. — A  smooth  perennial,  with  erect  or  strag-. 

gling  glaucous  stems  3  to  6  feet  high,  compound  leaves,  which  spring 

directly  from  the  ground,  white  flowers,  blooming  in  July  and  August, 

and  a  fleshy  root,  which  has  a  muskrat-like  odor,  and  which  consists  of 

two  very  distinct  and  characteris- 
tic parts.  The  more  conspicuous 
of  these  is  the  vertical  rootstock, 
which  is  from  1  to  6  inches  long 
by  1  or  2  thick,  and  is  curiously  di- 
vided into  numerous  chambers  by 
horizontal  partitions.  This  root- 
stock  furnishes  the  bulk  of  the 
poison.  The  other  portion  of  the 
root  consists  of  solid,  fleshy  flberSy 
which  run  along  on  or  just  under 
the  surface  of  the  soil,  and  send  off 
numerous  rootlets  from  beneath. 
The  rootstock  rots  or  dwindles 
away  almost  entirely  before  the 
seeds  mature,  but  fresh  ones  are 
formed  from  it  for  the  next  sea- 
son's growth.  The  plant  grows  in 
wet  or  marshy  places,  and  ranges 
from  British  Columbia  and  Idaho 
southward  to  northeastern  Cali- 
fornia, and  perhaps  to  the  south- 
ern Sierra  Nevada. 

Cases  of  poisoning. — Cases  of  cat- 
tle poisoning  have  been  reported 
from  Victoria,  British  Columbia; 
Colby,  Wash. ;  from  various  parts 
of  Oregon,  and  from  northern  Cal- 
ifornia. Prof.  U.  P.  Hedrick,  of 
Corvallis,  Greg.,  who  has  investi- 
gated cases  of  poisoning  from  this  plant,  believes  that  more  than  one 
hundred  cattle  are  killed  by  it  every  year  in  Oregon.  A  piece  of  the 
winter  rootstock  the  size  of  a  walnut  was  found  to  be  fatal  to  a  cow. 
A  piece  the  size  of  a  marble  is  looked  upon  as  dangerous  to  man. 
Human  cases  are  not  numerous,  but  a  few  have  been  reported  in  which 
individuals  nibbled  at  the  root  through  curiosity. 

The  Oregon  water  hemlock  has  often  been  mistaken  for  the  preced- 
ing species,  and  also  for  Cicuta  virosa  L.,  but  neither  of  these  occur  in 


Fia.  17.— Oregon  water  hemlock  (Oicut4»  vagana) : 

.  a,  plant  with  leaves,  one-sixth  natural  sise;  b, 

rootstock  and  horizontal  roots;  6',  section  of 

rootstock,  half  else;  0,  terminal  leaflets,  one- 

sixtb  natural  size;  d,  flowering  spray,  full  size. 
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the  for  Northwestern  States.  Some  other  plants  that  are  mistaken  for 
it  are  the  so-called  "wild  celery"  (OenantJie  sarmentosa)^  Oregon  sweet 
eicely  (Olycosma  ambigua),  and  i>oi8on  hemlock  (Conium  maculatum). 
These  are  all  easily  distinguished  by  the  root,  which  in  no  case  resem- 
bles the  one  here  figured. 

When  these  plants  occupy  large  areas,  the  only  safeguard  for  cattle 
is  to  keep  them  on  other  pastures,  especially  when  they  are  hungry. 
The  plants  may  be  destroyed  by 
hand  pulling  when  they  occur  in 
small  quantities  near  dwellings 
or  playgrounds. 

POISON  HEMLOCK 

Conium  maculaium  L. 

Other  names:  Hemlock;  wild 
hemlock;  spotted  parsley;  stink- 
weed;  herbbennet;  poison  root; 
{)oison snakeweed;  cashes;  wode- 
whistle.    (Fig.  18.) 

Description  and  where  found. — ^A 
smooth,  purple-spotted,  hollow- 
stemmed  biennial,  2  to  7  feet  high, 
with  large  parsley-like  leaves 
and  showy  clusters  of  small  white 
flowers,  which  appear  in  July  and 
August.  The  seed  is  prominently 
ridged,  and  has  on  its  inner  sur- 
face a  deep,  narrow,  longitudinal 
groove.  The  fresh  leaves  have  an 

extremely  nauseating  taste,  and      Fio.  18 Poieon  hemlook  {O^xum  mae\jilahim\ 

wheu  bruised  emit  a  character-  '^IZZ^^.ll,!'^''"'^'^""''^'^ 
istic  mouse-like  odor.    Poison 

hemlock  is  native  to  Europe  and  Asia,  but  has  become  naturalized  in 
the  United  States,  and  is  rather  common  on  waysides  and  in  waste 
places  in  New  York,  West  Virginia,  Pennsylvania,  New  Jersey,  and 
Ohio,  and  not  rare  in  the  New  England  States  and  in  Michigan.  It  is 
infrequent  in  Wisconsin,  Illinois,  Louisiana,  and  Oalifornia,  but  in  some 
localities  in  the  latter  State  it  lias  a  very  rank  growth. 

Character  of  the  poiBon. — The  characteristic  poison  of  the  hemlock  is 
the  well-known  volatile  alkaloid,  conine,  which  is  found  in  the  seeds, 
and,  especially  at  flowering  time,  in  the  leaves.  The  root  is  nearly 
harmless  in  March,  April,  and  May,  but  is  dangerous  afterwards, 
especially  during  the  first  year  of  its  growth.  The  poison  hemlock  is 
the  most  generally  known  poisonous  plant  historically,  it  being  with- 
out much  doubt  the  plant  administered  by  the  Greeks  to  Socrates  and 
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other  state  prisoners.  Becent  cases  of  poisoning  have  arisen  acciden- 
taUy  from  eating  the  seed  for  that  of  anise,  the  leaves  for  parsley,  or 
the  roots  for  parsnips;  also  from  blowing  whistles  made  firom  the  hol- 
low stems.  It  has  recently  been  shown  that  some  of  the  anise  seed 
in  both  foreign  and  domestic  markets  is  contaminated  with  hemlock 
seeds,  but  it  is  not  known  whether  serioas  consequences  have  resulted 
therefrom. 

Symptoms. — The  symptoms  in  man  are  snch  as  are  due  to  a  general 
and  gradual  weakening  of  muscular  power.  The  power  of  sight  is 
often  lost,  but  the  mind  usually  remains  clear  until  death  ensues,  as  it 
soon  does  from  the  gradual  paralysis  of  the  lungs.  The  poisoning 
differs  from  that  of  the  water  hemlock  {Ciouta  maculata)  in  the  absence 
of  convulsions.  Many  domestic  animals  have  been  killed  by  eating 
the  plant,  the  prominent  symptoms  described  for  cows  being  loss  of 
appetite,  salivation,  bloating,  much  bodily  pain,  loss  of  muscular 
power,  and  rapid,  feeble  pulse. 

As  this  plant  does  not  often  occur  in  great  quantity  in  the  United 
States,  it  may  usually  be  destroyed  by  hand  pulling  before  maturity. 

BEOAD-LEAP  LAUEEL. 

Kalmia  latifolia  L. 

Other  names:  Laurel  (north  of  Md.);  ivy  (south  of  Md.);  mountain 
laurel;  sheep  laurel;  poison  laurel;  wood  laurel;  small  laurel;  rose 
laurel;  high  laurel;  American  laurel;  poison  ivy;  ivy  bush;  ivy  wood; 
big  ivy;  calico  bush;  spoonwood;  kalmia;  wicky.    (Fig.  19.) 

Description  and  where  fonnd^A  fine  shrub,  usually  4  to  8,  but  some- 
times 30  to  40  feet  high.  It  has  thick,  flat,  and  shining  leaves,  showy 
clusters  of  peculiarly  shaped,  viscid,  and  mostiy  inodorous  pink  flow- 
ers, which  appear  in  May  and  June,  and  a  globular,  viscid,  dry,  and 
inedible  fruit.  It  grows  abundantly  on  rocky  hillsides,  in  cattle 
ranges,  and  on  mountain  slopes  up  to  3,000  or  4,000  feet,  from  Con- 
necticut to  eastern  Ohio  and  along  the  Alleghenies  to  Georgia  and 
Alabama;  less  abundantly  in  the  New  England  and  Southern  States 
as  far  as  Louisiana  and  Arkansas. 

Ways  of  poisoning.— Scores  of  cattle  and  sheep  are  i)oi8oned  annually 
by  eating  the  shrub.  Access  to  it  is  generally  obtained  by  breaking  away 
from  inclosures,  or  through  neglect  or  accident  when  cattle  or  sheep  are 
being  driven  past  laurel  thickets  to  upland  pastures  in  early  spring. 
Laurel  leaves  (commonly  used  for  decorative  purposes  in  winter),  or 
the  flowering  branches,  are  often  carelessly  thrown  into  inclosures 
where  animals  are  kept.  The  older  cattie  are  not  so  frequently  killed 
by  it,  but  they  are  by  no  means  immune.  Horses  and  even  goats  have 
died  from  eating  the  leaves. 

It  is  stated  that  chickens  have  been  poisoned  by  eating  the  vomited 
matter  from  poisoned  animals.  Experiments  show,  however,  that  they 
are  able  to  withstand  considerable  quantities  of  the  pure  poison  when 
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it  is  fed  to  tbem.  In  these  experiments  the  chickens  were  killed  witn 
chloroform  after  dosing  for  a  few  days.  The  entrails  were  then  cast 
aside,  and  the  well-boiled  and  well-cleansed  meat  was  fed  to  cats  with 
nearly  fatal  results. 

The  honey  derived  from  the  nectar  of  the  flower  appears  to  be  poison- 
ous under  some  conditions.  Gases  of  human  poisoning  occur  indirectly 
in  the  ways  indicated  above;  directly  by  overdoses,  or  improper  use  in 
domestic  medicine,  probably  by  the  secret  and  criminal  use  of  the  leaves 
to  increase  the  intoxicating  effects  of  liquors,  and,  in  children,  by  their 
eating  the  young  shoots  by  mis- 
take for  the  wintergreen  {Oaul- 
theria  pracumbens). 

Symptoms. — The  general  symp- 
toms in  sheep  may  be  taken  as 
representative  for  those  in  cows 
and  goats.  They  are  as  follows: 
Persistent  nausea,  with  slight 
but  long-continued  vomiting  and 
attempts  to  vomit,  frothing  at 
mouth,  grating  of  teeth,  irregular 
breathing,  partial  or  complete  loss 
of  sight  and  feeling,  dizziness,  ina- 
bility to  stand,  extreme  drowsi- 
ness, stupor,  and  death.  The 
irregularity  of  the  respiration  is 
most  characteristic,  being  present 
throughout  the  main  part  of  the 
attack.  In  addition  to  most  of 
the  above  effects  there  is,  in  man, 
severe  pain  in  the  head,  an  in- 
creased tendency  to  perspire,  and 
often  a  peculiar  tingling  sensation 
in  the  skin  throughout  the  entire 
body.  Vomiting  is  very  copiously 
produced,  and  consequently  the  effects  are  generally  less  severe  than 
in  animals. 

The  broad-leaf  laurel  is  typical  in  its  eflects  of  a  half  dozen  or  more 
native  species  of  the  heath  family.  They  are  all  poisonous  in  the  same 
way,  because  they  all  contain  the  same  toxic  or  poisonous  substance, 
known  as  andromedotoxin.  Many  fatalities  among  animals  are  re- 
corded against  the  four  species  whose  descriptions  follow. 


1 


Fia.  19 Broad-leaf  laurel  (Kaimia  latifolia) :  a, 

flowering  spray,  one- third  natural  size;  6,  verti- 
cal section  of  flower  showing  peculiar  attach- 
ment of  stamens,  natural  size;  o,  f^iting  cap- 
sales,  natural  size. 


n AEROW-LEAP  LAUEEL. 

Ealmia  anguattfolia  L. 

Other  names:   Sheep  laurel;   lambkill;   sheep  poison;   lamb  laurel; 
dwarf  sheep  laurel;  small  laurel;  low  laurel;  dwarf  laurel;  wicky. 
Description  and  where  found.— Like  the  preceding,  but  smaller,  only  2 
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to  4  feet  high,  with  smaller,  thinner,  and  narrower  leaves,  and  smaller 
flowers,  clustered,  not  at  the  extreme  end  of  the  stem,  but  at 'the  base 
of  the  fresh  shoots.  It  is  abundant  at  low  altitudes  in  both  dry  and 
wet  soils  from  Maine  to  New  Jersey;  less  abundant  westward  through- 
out the  Great  Lakes  region  and  southward  to  Tennessee  and  South 
Carolina. 

GREAT  LAUREL. 

Rhododendron  mcucimum  L. 

Other  names:  Laurel  (south  of  Pa.);  rosebay;  mountain  laurel;  rho- 
dodendron ;^  American  rosebay;  big  laurel  (Pa.);  big-leaf  laurel  (Pa.); 
horse  laurel  (Pa.);  deer  tongue;  cow  plant  (Vt.);  spoon  hutch  (N.  H.). 


Fio.  20 — StaggerbuBh  {Pierit  mariana),  show-  Fio.  21 Branch  ivy  {LeucotKoe  eatesbaei) :  a, 

ing    flowering    branch,    one* third    natural  flowering  branch;  b,  fruiting  capsulee — both 

size.  one-third  natural  size. 

Description  and  where  foimd. — A  large  evergreen  bush  or  small  tree, 
10  to  20  or  30  feet  high,  with  thick  leaves,  4  to  10  inches  long,  and 
splendid  clusters  of  large,  inodorous,  pale  pink,  or  nearly  white  flowers, 
blossoming  in  July.  A  commonly  cultivated  ornamental  tree,  native 
to  the  Allegheny  Mountains,  but  extending  northward  in  isolated 
patches  to  Oonnecticut  and  Few  Hampshire. 
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STA0OEBBU8H. 

Pieria  mariana  (li.)  Benth.  &  Hook. 

Other  name:  Kill  lamb.    (Fig.  20.) 

Description  and  where  found. — ^A  weak-limbed  decidaons  shrub,  2  to  4 
feet  high,  with  thick  conspicaously  veined  leaves  and  showy  clusters 
of  tubular  white  flowers.  It  is  firequent  in  low,  damp  soils  near  the 
coast  from  Connecticut  to  Florida. 

BRAHCH  IVT. 

Leucothde  caieabaei  (Walt.)  A.  Gray. 

Other  names:  Hemlock;  calf  kill;  leucothoe;  dog  laurel.  (Fig.  21.) 
Description  and  where  fonnd. — An  evergreen  shrub,  2  to  4  feet  high, 
with  thick,  tapering,  sharply  saw-edged  leaves  and  numerous  clusters 
of  small,  white,  tubular,  ill-smelling  flowers,  which  appear  in  April  or 
May.  It  grows  abundantly,  often  forming  dense  thickets  along  stream 
banks  in  the  Allegheny  Mountains  from  West  Virginia  to  northern 
Georgia. 

JIMSOH  WEED. 

Datura  stramonium  L. 

Other  names:  Jamestown  weed;  common  stramonium;  thorn  apple; 
apple  of  Peru;  devil's  apple;  mad  apple;  stinkwort;  stinkweed  (W. 
Va.) ;  Jamestown  lily  (N.  C.) ;  white  man's  plant  (by  Indians).    (Fig.  22.) 

Description  and  where  found. — The  jimson  weeds  are  rank  ill-smelling 
plants,  with  large  funnel-shaped  flowers  and  prickly  four-valved  seed 
pods.  They  are  mostly  weeds  which  have  been  introduced  into  the 
United  States  from  £uroi>e  and  tropical  America.  The  present  species 
is  a  stout,  smooth,  bushy  annual  2  to  6  feet  high,  with  a  coarse  green 
stem,  large  flaccid  leaves,  and*  white,  heavy-scented  flowers  2  to  4 
inches  long.  The  flowers  appear  from  May  to  September,  and  the 
fruit  ripens  from  August  to  November,  according  to  latitude.  The 
seeds  are  numerous  and  about  the  size  of  a  grain  of  buckwheat.  When 
fresh  they  are  ill-scented  and  nauseating,  but  later  they  are  not  so  dis- 
agreeable. The  nectar  is  sweet,  but  a  little  nauseating.  The  jimson 
weed  is  native  to  Europe  and  Asia,  but  is  now  commonly  introduced  in 
waste  grounds  about  dwellings  in  all  of  the  States  east  of  Iowa  and 
Louisiana  with,  perhaps,  the  exception  of  Minnesota.  It  is  common 
in  eastern  Kansas  and  Nebraska,  and  in  some  parts  of  Colorado,  and 
has  probably  obtained  some  foothold  in  all  of  the  Western  States. 

The  purple-stemmed  jimson  weed  (Datura  tatula)  is  a  somewhat 
taller  plant,  with  pnrplish  flowers  and  stems,  but  otherwise  practically 
identical  with  the  preceding,  both  in  botanical  and  toxic  characters. 
It  is  more  abundant  toward  the  South  and  West  than  the  other. 

Wa3rs  of  poisoning. — Gases  of  poisoning  arise  in  adults  from  excessive 
use  as  a  stimulant^r  as  a  medicine.    Children  are  sometimes  tempted 
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to  eat  the  fruit  if  they  are  permitted  to  play  where  the  weed  is  to  be 
found.  Several  cases  of  this  kind  were  reported  to  this  Department 
during  tlie  fall  of  1897.  At  Alpena,  Mich.,  five  children  were  badly 
poisoned  in  August  by  eating  the  seeds  of  the  purple-flowered  species, 
which  was  cultivated  in  a  garden  as  a  curiosity  under  the  fanciful 
trade  name  of  "  Kight-blooming  Cactus.^'  Several  other  cases  where 
children  have  been  poisoned  by  this  plant  have  been  reported.  Chil- 
dren are  also  poisoned  by  sucking  the  flower  or  playing  with  it  in  the 
mouth.    The  fresh  green  leaves  and  also  the  root  have  occasionally 

been  cooked  by  mistake  for  other 
wild  edible  plants.  One  or  two 
instances  are  recorded  in  which 
cattle  have  been  poisoned  by  eat- 
ing the  leaves  of  young  plants 
which  were  present  in  grass  hay. 
Symptoms.  —  The  symptoms  of 
the  poisoning  are  headache,  ver- 
tigo, nausea,  extreme  thirst,  dry, 
burning  skin,  and  general  nerv- 
ous confusion,  with  dilated  pu- 
pils, loss  of  sight  and  of  voluntary 
motion,  and  sometimes  mania, 
convulsions,  and  death. 

The  jimson  weeds  should  be  re- 
moved from  vacant  lots  by  mow- 
ing the  plants  while  in  flower  or 
by  cultivating  the  soil. 

BLACK  NIGHTSHADE. 

Solanum  nigrum  L. 

Other  names:  Common  night- 
shade; nightshade;  deadly 
nightshade;  garden  nightshade. 

Fio.  22.— Jimson  weed  (Datura  ttrtmumium):  a,      \^^S^  -^^O 
flowering  spray ;   b,  fruiting  oapsole— both  one-  Description   and    WhorO   fOUUd.^ 

third  natural  sire.  rjr^^  ^j^^  uightshado  iS  a  SmOOth 

annual,  1  to  2  feet  high,  with  rough,  angular,  widely  branching  stems; 
ovate  leaves,  2  to  4  inches  long,  with  wavy  margins;  drooping  clusters 
of  small  white  flowers,  and  black,  globose,  juicy  berries,  which  ripen 
from  July  to  October.  It  is  a  common  introduced  weed  in  rich  shaded 
grounds  and  flelds  east  of  South  Dakota  and  Arkansas,  and  in  damp 
places  westward  to  the  Pacific  Ocean. 

Poisonous  properties. — ^The  amount  of  poison  present  in  any  part  of  this 
plant  varies  with  the  conditions  of  growth.  The  more  musky-odored 
plants  are  the  most  poisonous.  In  some  the  amount  of  alkaloid  in  the 
ripe  frrdt  and  leaves  is  so  small  that  these  parts  may  be,  and  are,  con- 
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sumed  in  considerable  quantity  without  any  ill  couBequences.  Poison- 
ing does  sometimes  follow,  but  it  is  not  clear  whether  this  is  due  to 
improper  preparation  or  to  careless  selection  of  the  parts  used.  The 
use  of  black  nightshade  for  food  is  certainly  not  to  be  recommended. 
Oases  of  poisoning  are  recorded  for  calves,  sheep,  goats,  and  swine. 

Symptoms. — The  characteristic  symptoms  are  about  the  same  in  man 
and  animals.  They  are  stupefaction, 
staggering,  loss  of  speech,  feeling 
and  consciousness;  cramps,  and  some- 
times convulsions.  The  pupil  of  the 
eye  is  generally  dilated.  Death  is 
directly  due  to  a  paralysis  of  the 
lungs,  but  fortunately  few  cases  are 
fatal. 

Nearly  related  to  this  plant  is  the 
spreading  nightshade  or  "wild  po- 
tato'^  (Solanum  triflorum  Futt.),  a 
native  garden  weed  of  the  Great 
Plains  region.  It  is  a  smooth,  low 
annual,  with  widely  branching  stems, 
7  to  9  lobed  leaves,  numerous  clus- 
ters of  small  white  flowers  which  are 
grouped  in  threes,  and  large  green 
berries  a  half  inch  or  more  in  diame- 
ter. These  are  not  attractive  to  the 
eye,  but  have  an  agreeable  odor  and 
taste. 

Complaints  of  the  poisoning  of  cat- 
tle by  this  plant  have  been  sent  in  to 
the  Department  from  Nebraska,  and 
experiments  show  that  the  berries 
are  poisonous.    No  cases  of  human    „         «,  ^  ,  .  ^  . 

.    ^    .  ,  FiQ.28 — Black  nightshade  (Solanum  nf^rumX 

poisoning  nave  been  reported.  one-third  natural  size. 

The  plants  of  either  of  these  species 
may  easily  be  killed  by  cutting  them  down  before  the  firait  matures. 

BITTERSWEET. 

Solanum  dulcamara  L. 

Othernames:  Woody  nightshade;  nightshade  vine;  staff  vine;  fever 
twig;  tetonwort. 

Description  and  where  fonnd. — A  climbing,  woody,  introduced  peren- 
nial 3  to  6  or  8  feet  high,  with  thin  leaves,  the  lowermost  of  which  are 
ovate  or  heart-shaped,  the  upper  more  or  less  spear-shaped.  The 
flowers  are  purple,  the  fruit  red.  It  ripens  from  July  to  October  and 
November.  The  plant  thrives  best  and  is  pommon  along  brooks  and 
ditches  from  Massachusetts  to  Ohio,  less  common  elsewhere  in  damp 
ground  from  Maine  to  North  Carolina  and  to  Wisconsin  and  Missouri. 
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Poisonous  property. — The  berry,  though  its  taste  is  not  remarkably 
disagreeable,  is  somewhat  poisonous,  and  it  has  been  shown  that  an 
extract  of  the  leaves  is  moderately  so. 

SNEEZE  WEED. 

Helenium  auiumnale  L. 

Other  names:  Sneezewort;  autumn  sneezewort;  autumn  sneezeweed; 
staggerweed  (S.  O.)^  swamp  sunflower  j  false  sunflower.    (Fig.  24.) 

Description  and  where  fonnd. — A 
smooth,  angular,  branching  peren- 
nial, 1  to  3  feet  high,  with  rather 
thick  lance-shaped  leaves,  and  a 
large  number  of  showy  yellow  flow- 
ers which  do  not  appear  until  au- 
tumn. It  grows  commonly  in  moist 
ground  from  Connecticut  to  Mich- 
igan and  Illinois,  and  southward  to 
the  Gulf;  less  commonly  north  west- 
ward from  Louisiana  to  Oregon  and 
Washington;  also  iu  Arizona.  It 
has  been  found  at  an  altitude  of 
6,000  feet  in  Nevada. 

Poisonous  character. — The  whole 
plant,  especially  the  flower,  is  bit- 
ter and  more  or  less  acrid  and  pun- 
gent. The  powdered  plant  causes 
violent  sneezing  when  inhaled,  and 
it  is  therefore  used  in  medicine  to 
produce  that  eflFect.  Sheep,  cattle, 
and  horses  that  are  unfamiliar  with 
the  plant  are  often  poisoned  by  it 
when  driven  to  localities  where  it 
abounds.  As  a  rule  these  animals 
avoid  it,  but  it  is  claimed  that  they 

Fio.  24 — Sneeze  weed  {Helenium  atUumndle),  one-      «^.^^j.,«^^«  ^^,,^i^^  «  4.«  «4.«  a.«  14-^^^ 

third  natural  size.  somctimcs  dcvcIop  a  tasto  for  It  and 

are  killed  by  eating  it  in  large 
quantity.  The  poison  exists  principally  iu  the  flowers.  The  young 
plants  appear  to  be  only  very  slightly  dangerous;  in  the  mature 
ones  the  amount  of  poison  varies  greatly  even  in  the  same  fleld. 

Symptoms. — The  symptoms,  as  determined  by  experiments  made  in 
Mississippi  upon  calves,  are  an  accelerated  pulse,  difficult  breathing, 
staggering,  and  extreme  sensitiveness  to  the  touch.  In  fatal  cases, 
death  is  preceded  by  spasms  and  convulsions. 

Sneezeweed  may  be  best  kept  in  check  by  cultivating  the  ground  or 
by  mowing  the  plants  down  before  the  time  of  flowering. 
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Director. 
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EXPEEIMENT  STATION  WOEK-VIII/ 


coHSEEvnro  ahd  ecohomizino  the  moistxfee  of  the  soil. 

Next  to  temperatare,  moisture  is  probably  the  controlling  factor  in 
the  growth  of  plants.  The  importance  of  an  adequate  supply  of  mois- 
ture is  most  strikingly  demonstrated  in  regions  of  deficient  rainfall 
where  irrigation  is  necessary  for  the  growth  of  crops  (arid  regions), 
but  it  is  no  less  important  in  regions  where  the  rainfall  is  usually  con- 
sidered sufficient  for  the  needs  of  crops  (humid  regions).  Not  only 
must  there  be  a  sufficient  supply  of  moisture,  but  it  must  be  properly 
distributed  throughout  the  growing  season.  It  is  well  known  that 
crops  may  be  injured  by  drought  in  a  season  which  shows  a  high  total 
rainfall,  because  there  is  a  deficiency  of  rain  just  at  the  stage  when 
the  plant  needs  it  most. 

Under  all  circumstances,  therefore,  it  should  be  the  farmer's  aim  to 
conserve  the  moisture  in  the  soil — in  the  arid  regions  to  reduce  as  much 
as  possible  the  labor  and  expense  of  irrigation,  and  in  humid  regions 
to  protect  crops  against  droughts.  Various  means  may  be  employed 
for  the  purpose  of  conserving  and  economizing  the  moisture  supply  of 
soils. 

Subsoiling  is  one  of  the  most  important  of  these  means.  Several  of 
the  stations  have  made  careful  studies  of  the  influence  of  subsoiling  on 
soil  moisture.*  The  Wisconsin  Station  describes  this  influence  substan- 
tially as  follows:  Subsoiling  (1)  increases  the  storage  capacity  of  the 
soil  for  moisture,  and  (2)  increases  the  rate  at  which  water  will  sink 
into  the  soil,  but  (3)  decreases  the  rate  at  which  it  may  be  brought 

'  This  is  the  eighth  unmber  of  a  subseries  of  brief  popular  baUetins  compiled  from 
the  published  reports  of  the  agricultural  experimeut  stations  and  kindred  institu- 
tions in  this  and  other  countries.  The  chief  object  of  these  publications  is  to  dis- 
seminate throughout  the  country  information  regarding  experiments  at  the  different 
experiment  stations,  and  thus  to  acquaint  our  farmers  in  a  general  way  with  the 
progress  of  agricultural  investigation  on  its  practical  side.  The  results  herein 
reported  should  for  the  most  part  be  regarded  as  tentative  and  suggestive  rather 
than  conclusive.  Further  experiments  may  modify  them,  and  experience  alone  can 
show  how  far  they  will  be  useful  in  actual  practice.  The  work  of  the  stations  must 
not  be  depended  upon  to  produce  '*  rules  for  farming."  How  to  apply  the  results  of 
experiments  to  his  own  conditions  will  ever  remain  the  problem  of  the  individual 
farmer.— A.  C.  True,  Director,  Office  of  Experiment  Stations. 

«8ee  also  U.  S.  Dept.  Agr.,  Farmers'  Bui.  56  (Expt.  Sta.  Work— I,  p.  20). 
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back  to  the  surface.  Subsoiliug  also  increases  the  amount  of  moisture 
available  to  crops,  since  plants  are  capable  of  utilizing  a  larger  pro- 
portion of  the  moisture  present  in  loose  and  coarse-grained  soils  than 
of  that  in  fine-grained  and  compact  soils. 

As  regards  the  best  method  of  subsoiling,  a  report  of  the  Wisconsin 
Station  states: 

Subsoiling  to  be  most  effective  should  be  done  in  such  a  way  as  to  leave  the  soil 
looee^  much  as  the  stubble  plow  leaves  it.  To  accomplish  this  much  will  depend 
upon  the  character  of  the  tool  and  more  upon  the  condition  of  the  soil  when  the 
work  is  done.  If  the  soil  is  so  wet  as  to  be  plastic  when  the  plowing  is  done,  then 
the  effect  of  the  subsoil  plow  will  be  to  wedge  the  portions  of  the  soil,  which  are 
heavily  pressed  into  an  even  more  compact  aud  close  texture  than  before,  and  thus 
develop  a  condition  the  opposite  of  that  sought.  To  simply  form  a  long  groove  or 
channel  in  the  subsoil  by  wedging  the  dirt  aside  gives  little  aid  in  the  direction 
sought. 

Such  work,  then,  if  done  at  aU,  should  be  done  when  the  subsoil  itself  is  dry  enough, 
and  this  is  most  likely  to  occur  iu  the  fall  after  the  crop  of  the  season  has  withdrawn 
the  moisture  from  it.  Subsoiling  late,  too,  leaves  no  time  for  the  soil  to  lose  its  open 
texture  before  the  rains  to  be  stored  reach  it. 

In  humid  regions,  as  a  recent  bulletin  of  the  California  Station  points 

out,  the  soil  as  a  rule 
is  underlaid  at  a  com- 
paratively short  dis- 
tance below  the  sur- 
face by  a  subsoil  which 
the  roots  of  plants  pen- 
etrate with  difficulty 
and  from  which  they 

Fio.  1.— Boot  system  of  a  tree  growing  on  a  soil  with  hard  BubsoiL  CaU  uraW  little  nour- 
ishment. The  roots, 
therefore,  spread  out  near  the  surface,  aud  the  plants  require  frequent 
rains  or  irrigation  to  sustain  life.  A  suspension  of  either  rain  or  irri- 
gation for  ten  days  or  two  weeks  under  these  conditions  usually  results 
in  injury  to  the  plant.  Under  such  circumstances  subsoiling  encourages 
deep  rooting,  aud  thus  enlarges  the  stock  of  water  as  well  as  plant 
food  at  the  command  of  the  plant.  In  many  parts  of  the  region  of 
deficient  rainfall,  as  in  southern  California,  plants  (especially  fruit 
trees)  are  capable  of  withstanding  months  of  drought.  This  is  claimed 
to  be  due  to  the  fact  that  <4n  the  arid  region,  as  a  rule,  subsoils  in  the 
eastern  sense  do  not  exist;  the  soil  is  readily  penetrable  to  great 
depths."  This  difference  in  the  root  systems  of  plants  in  humid  and 
arid  regions  is  illustrated  in  the  accompanying  figures. 

A  glance  at  the  figures  suffices  to  sho^  that  while  a  root  system  like  fig.  1  will 
stand  in  absolute  need  of  frequent  rains  or  irrigation  to  sustain  its  vitality,  such 
a  one  as  fig.  2  may  brave  prolonged  drought  with  impunity,  being  independent  of 
surface  conditions,  and  able  to  perform  all  its  functions  out  of  reach  of  stress  from 
lack  of  moisture.  It  is  equally  clear  that  it  is  to  the  farmer's  interest  to  favor  to 
the  utmost  this  deep  penetration  of  the  roots. 
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This  can  be  done  in  humid  regions,  to  some  extent  at  least,  by  thor- 
ough preparation  and  tillage  of  the  soil  and  (in  case  of  fruit  trees)  by 
guarding  against  excessive  surface  fertilization.  In  arid  regions  fre- 
quent irrigation,  it  is  claimed,  encourages  shallow  rooting. 

To  prevent  loss  of  water  from  the  soil  by  evaporation  it  is  necessary 
to  check  the  rise  of  water  by  capillarity  to  the  surface  of  the  soil.  As 
already  noted,  this  is  accomplished  to  some  extent  by  subsoiling,  but 
in  order  that  the  work  patrtly  accomplished  by  the  subsoiling  may  be 
completed  and  continued,  the  surface  of  the  soil  must  be  kept  covered 
with  a  mulch  of  loose,  well-tilled  soil  by  means  of  frequent  tillage. 
Some  experiments  of  the  Kansas  Station  afford  an  illustration  of  the 
effectiveness  of  this  means 
of  conserving  soil  moisture. 

One  of  the  station  fields  -which 
contained  in  roand  numbers  26 
per  cent  of  water  in  the  first  foot 
of  soil,  on  July  1,  1898,  had  one 
portion  plowed,  another  disk 
harrowed  and  a  portion  left  un- 
treated. The  ensuing  dry  weath- 
er in  the  course  of  four  weeks, 
notwithstanding  several  light 
ruins,  reduced  the  moisture  of 
the  untreated  part  to  15  per  cent 
and  that  of  the  disked  land  to  18 
per  cent,  the  plowed  ground  re- 
taining 21  per  cent.  The  last 
two  were  in  excellent  condition 
for  seeding,  while  the  first  would 
plow  up  lumpy  and  unsatisfac- 
tory. 

In  the  experiments  at  the      ^^-  ''-'^'^'  "'"'"^^^.'Zor"'"'' "  * ""''  """^ 
Kansas  Station  plowing 

proved  as  effective  as  any  form  of  tillage  tested.  "If  time  does  not 
permit  plowing,  the  speedy  work  of  the  disk  harrow  compares  favor- 
ably in  efl&ciency.  In  either  case,  if  rain  sufficient  to  start  the  weeds 
follows,  kill  them  with  a  harrow.  This  will  at  the  same  time  break 
up  any  crust  and  preserve  the  soil  mulch." 

Whether  the  best  results  in  preventing  loss  of  moisture  from  the  soil 
in  humid  regions  will  be  obtained  by  subsoiling,  shallow  cultivation,  or 
deep  cultivation  will  depend  very  largely  upon  the  character  of  the 
soil  and  subsoil.  The  Kansas  Station  found  no  essential  difference  in 
the  moisture  content  at  the  different  depths  of  soil  that  had  been  pre- 
pared in  the  spring  by  shallow  plowing,  by  deep  plowing,  and  by  sub- 
soiling.  In  experiments  at  the  ^orth  Dakota  Station  on  different 
methods  of  preparing  soil  and  tillage  for  wheat  the  largest  yield  was 
obtained  from  land  subsoiled  8  inches  below  a  6-inch  furrow.  A  sur- 
face mulch  of  well-tilled  soil  3  or  4  inches  thick  is  usually  considered 


Digitized  by  VjOOQ IC 


8 

sufficient  to  afford  effective  protection  against  evaporation  in  humid 
regions.  In  regions  of  deficient  rainfall,  however,  twice  this  depth  is 
considered  necessary. 

In  humid  regions  there  is  danger  of  serious  loss  of  nitrates  in  sub- 
jecting bare  plowed  land  to  the  long-continued  leaching  action  of  abun- 
dant rains,  as  is  done  in  summer  fallowing  and  fall  plowing;  neverthe- 
less, the  Kansas  Station  has  found  that  the  plowing  of  stubble  as  soon 
as  possible  after  the  removal  of  the  previous  crop,  with  frequent  stir- 
ring of  the  soil,  as  described  above,  '^  not  only  insures  a  perfect  seed 
bed  for  wheat  in  respect  to  moisture,  but  the  soil  has  time  to  settle  to 
the  firm  condition  so  advantageous  to  wheat,  and  the  bareness,  warmth, 
and  moisture  are  most  favorable  to  the  formation  of  nitrates  from 
organic  matter."  In  regions  of  deficient  rainfall  loss  by  leaching  need 
not  be  feared.  Under  such  conditions  both  summer  fallowing  and  fall 
plowing  may  prove  of  great  value  in  conserving  moisture. 

Fall  plowing  wherever  the  land  is  not  naturally  adequately  absorbent^  and  is  not 
thereby  rendered  liable  to  washing  away,  is  a  very  effectual  mode  of  utilizing  the 
winter's  moisture  to  the  utmost,  so  as  to  bring  about  the  junction  of  the  season's 
moisture  with  that  of  the  previous  season,  which  is  generally  considered  as  being 
a  condition  precedent  for  crop  production  in  dry  years.  The  same  of  course  holds 
true  of  winter  irrigation,  the  frequent  omission  of  which  in  presence  of  a  plentiful 
water  supply  at  that  season  is  a  prolific  cause  of  avoidable  crop  failures.  Moisten- 
ing the  ground  to  a  considerable  depth  by  winter  irrigation  is  a  very  effective  mode 
of  promoting  deep  rooting,  and  will  thus  stand  in  lien  of  later  irrigations,  which, 
being  more  scant,  tend  to  keep  the  roots  near  the  surface. 

Moisture  escapes  from  soils  bearing  crops  much  more  rapidly  than 
from  bare  soils.  This  fact  has  been  very  clearly  demonstrated  by  inves- 
tigations by  the  Iowa,  Kansas,  Wisconsin,  and  other  stations.  These 
investigations  show  that  sod  land  and  soil  bearing  different  crops  always 
maintain  less  moisture  than  uncultivated  soil  of  the  same  character. 
It  is  undoubtedly  true  that  the  injurious  effect  of  weeds  is  due  fully  as 
much  to  the  moisture  which  they  withdraw  from  the  soil  as  to  the  plant 
food  which  they  consume.  The  poor  growth  of  crops  near  hedgerows 
and  woods  is  due  largely  to  withdrawal  from  the  soil  of  moisture 
required  for  the  proper  growth  of  the  crops.  It  is  a  well-known  fact 
that  the  culture  of  crops  in  orchards  may  prove  injurious  to  fruit  trees, 
especially  in  dry  seasons.  (See  p.  18.)  This  is  due  mainly  to  the  with- 
drawal by  the  crops  of  moisture  needed  by  the  trees.  The  danger  from 
this  source  is  especially  great  if  the  fruit  trees  are  very  shallow  rooted. 
From  the  standpoint  simply  of  conservation  of  moisture,  therefore,  the 
farmer  should  be  careful  to  keep  his  land  free  from  unnecessary  vege- 
tation during  the  summer,  *'but  it  must  not  be  forgotten  that  by  doing 
so  lie  quickly  depletes  his  land  of  vegetable  matter,  which  requires  sys- 
tematic replacement  if  production  is  to  continue  normally,"  and,  as 
explained  above,  he  incurs  danger  of  serious  loss  of  nitrates  by  leaching 
and  washing,  especially  in  season  of  heavy  rainfall. 

it  is  thus  seen  that  while  there  are  many  ways  in  which  the  moisture 
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of  tbe  soil  may  be  wasted  or  rendered  useless  to  the  plant,  there  are 
also  many  effective  means  of  conserving  and  economizing  this  water 
which  may  be  profitably  employed.  It  only  remains  for  the  individual 
farmer  to  determine  the  method  best  suited  to  his  needs  and  conditions. 

INFLTJEVCE  OF  DIPFEREHT  SYSTEMS  OF  FAEMIHO  OH  THE 
FEETIUTT  OF  THE  SOIL. 

The  amonnt  of  principal  elements  of  fertility  removed  from  the  soil 
in  products  sold  from  the  farm  and  the  amount  returned  to  it  in  the 
form  of  manure  depend  largely  upon  the  system  of  farming  practiced. 
It  is  well  known  that  soils  under  continuous  cultivation  decline  in  fer- 
tility much  more  rapidly  than  those  kept  in  grass.  This  is  due  not 
only  to  the  constant  removal  of  fertility  in  the  crops  hai-vested  and 
sold  from  the  farm,  but  also  to  the  fact  that  under  most  systems  of 
continuous  culture  the  soil  is  left  bare  a  large  part  of  the  time,  and 
thus  subjected  to  loss  from  leaching,  washing,  and  oxidation.  On  the 
other  hand,  soils  in  grass  are  protected  almost  entirely  from  the  latter 
losses.  The  roots  of  the  plants  bring  up  the  fertilizing  constituents 
from  the  lower  layers  of  the  soil  and  they  accumulate  at  the  surface  of 
the  soil  in  the  decaying  remains  of  the  vegetation.  Thus  in  case  of 
grass  lands,  while  there  is  no  actual  gain  in  total  amonnt  of  fertilizing 
constituents  in  the  soil,  the  plant  food  is  made  more  available  and  acces- 
sible. These  facts  explain  the  apparent  recuperation  of  soils  which 
have  been  exhausted  by  continuous  culture  when  kept  under  grass  for 
a  number  of  years.  If  leguminous  plants  are  substituted  for  grasses, 
there  may  be  an  actual  gain  in  fertility  due  to  the  nitrogen  which  these 
plants  are  capable  of  collecting  from  the  air. 

When  the  lands  are  grazed  by  sheep  and  cattle  the  soil  fertility  is 
drawn  upon  to  the  extent  of  the  nitrogen,  phosphoric  acid,  and  potash 
required  to  build  the  blood,  bone,  and  tissue  of  the  animal  body.  This 
is  considerable  in  the  case  of  growing  animals,  but  insignificant  in  case 
of  animals  which  have  made  their  giowth  (especially  of  bone)  and  are 
simply  maintained  or  fattened  on  the  pasture.  If,  however,  concen- 
trated feeds  are  used  in  addition  to  pasture,  and  the  manure  produced 
returned  to  the  land,  there  is  an  actual  gain  in  fertility  of  the  land.  It 
will  thus  be  seen  that  exclusive  grain  farming  or  continuous  culture  of 
a  single  crop  has  a  much  greater  tendency  to  impoverish  the  soil  than 
stock  raising  or  combined  grain  and  stock  raising.  A  comparison  of 
the  amount  of  plant  food  removed  from  the  soil  and  the  amount  capable 
of  being  returned  to  it  under  different  systems  of  husbandry  has  been 
made  by  the  Minnesota  Experiment  Station.  The  systems  taken  into 
consideration  were  all-grain  farming,  mixed  grain  and  general  farming, 
mixed  potato  and  general  farming,  stock  farming,  and  dairy  farming, 
examples  being  selected  which  represented  the  different  systems.  In 
each  case  the  farm  is  considered  to  contain  160  acres. 

In  the  example  of  all-grain  fanning  selected  no  stock  was  kept  and 
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DO  fertilizers  of  any  kind  applied  to  the  laud,  the  small  amoant  offer- 
tiliziDg  material  which  necessarily  accumulated  was  disregarded,  aud 
the  grain  was  all  sold  from  the  farm.  The  entire  farm  of  160  acres 
was  under  cultivation.  The  crops  raised  were  100  acres  of  wheat, 
40  acres  of  barley,  and  20  acres  of  oats,  yielding  15,  40,  aud  60  bushels 
per  acre,  respectively.  It  is  calculated  that  the  fertility  removed  from 
such  a  farm  in  the  grain  and  straw  of  one  year's  crops  amounted  to  2,460 
pounds  phosphoric  acid,  4,020  pounds  potash,  and  5,600  pounds  nitrogen. 
This  does  not  include  the  fertility  removed  by  the  weeds,  which  often 
is  very  large,  and  the  amount  of  nitrogen  lost  from  the  soil  through 
leaching  and  the  decoinposition  of  humus. 

The  amount  of  nitrogen  thus  lost  from  a  rich  prairie  soil  recently 
brought  under  this  system  of  farming  is  three  or  four  times  that 
removed  in  the  crop.  It  was  found  from  experiments  conducted  at 
this  station  that  when  a  prairie  soil  is  first  brought  under  cultivation 
the  humus  oxidizes  rapidly,  but  as  the  soil  grows  older  the  humus  con- 
tent diminishes  and  the  oxidation  of  the  humus  goes  on  more  slowly. 

The  system  of  mixed  grain  and  general  farming  studied  consisted  of 
growing  40  acres  of  wheat,  20  of  oats,  10  of  barley,  7  of  rye,  5  of  corn, 
3  of  flax,  aud  1  each  of  peas,  millet,  and  potatoes.  The  rest  of  the  land 
was  in  meadow  and  pasture,  and  10  cows,  4  head  of  young  stock,  15 
sheep,  8  hogs,  4  work  horses,  and  2  steers  were  kept.  All  the  straw 
produced  was  used  as  feed  and  bedding  for  the  stock.  The  yields  in 
this  case  were  higher  than  under  all* grain  farming,  because  the  land  was 
kept  in  better  condition.  All  the  wheat,  rye,  and  flax,  and  one-half  of 
the  oats  and  barley,  and  50  bushels  of  potatoes  were  sold  from  the 
farm.  The  animal  products  sold  were  2  steers,  10  sheep,  8  hogs,  and 
1,500  pounds  of  butter.  The  remaining  oats,  barley,  and  potatoes,  and 
the  corn,  peas,  and  millet,  besides  20  tons  each  of  timothy  and  clover, 
were  consumed  on  the  farm,  and  80  per  cent  of  these  food  materials 
were  returned  to  the  soil  in  the  form  of  manure.  The  fertility  returned 
to  the  farm  in  manure  from  the  food  purchased,  such  as  bran,  screen- 
ings, and  meal  of  various  kinds,  was  taken  into  consideration  in  every 
case.  A  comparison  of  the  total  amount  of  fertility  removed  from  the 
farm  and  the  amount  returned  to  it  shows  an  approximate  loss  from 
the  soil  of  1,003  pounds  phosphoric  acid,  1,047  pounds  potash,  and 
2,594  pounds  nitrogen.  The  fixation  of  the  free  nitrogen  of  the  air  by 
clover  and  peas  was  not  taken  into  account  in  these  figures,  but  "  it  is 
safe  to  calculate  that  there  has  been  a  gain  of  1,500  pounds  of  nitrogen 
from  this  source."  When  allowance  was  made  for  the  nitrogen  thus 
obtained  there  was  an  annual  loss  from  this  farm  of  about  1,000  pounds 
each  of  phosphoric  acid,  potash,  and  nitrogen.  There  was  therefore  a 
loss  of  about  two-fifths  as  much  phosphoric  acid,  one-fourth  as  much 
potash,  and  one-sixth  as  much  nitrogen  as  in  all-grain  farming.  With 
good  cultivation  and  management  it  is  believed  that  the  reserve  fer- 
tility of  a  good  soil  will  withstand  the  above  losses  for  a  number  of 
years. 
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The  system  of  mixed  potato  and  general  farming  stadied  differed 
from  the  foregoing  system  in  that  about  40  acres  of  grain  were  replaced 
by  potatoes  and  that  less  grain  was  sold  and  less  mill  products  pur- 
chased. The  stock  kept  consisted  of  7  cows,  4  head  of  young  stock,  4 
horses,  2  steers,  12  sheep,  and  9  hogs.  Besides,  40  acres  of  grain  were 
grown,  of  which  15  were  sold.  The  rest  of  the  farm  was  mainly  in 
meadow  and  pasture.  The  products  sold  from  the  farm  were  6,000 
bushels  of  potatoes,  1,000  pounds  of  butter,  8  hogs,  2  steers  and  young 
stock,  10  sheep,  and  the  yields  of  10  acres  of  oats  and  6  of  barley. 
Fifteen  tons  each  of  clover  and  timothy,  40  tons  of  straw,  160  bushels 
of  potatoes,  and  the  yields  of  10  acres  each  of  oats  and  barley,  5  acres 
of  com,  and  1  acre  each  of  millet  and  peas  grown  on  the  soil  were  con- 
sumed on  the  farm.  Here,  as  in  the  previous  example,  80  per  cent  of 
the  food  consumed  was  returned  to  the  soil.  The  approximate  loss 
from  the  soil  under  the  system  amounted  to  ^1  i>ounds  of  phosphoric 
acid,  2,435  pounds  of  potash,  and  2,463  pounds  of  nitrogen.  Deduct- 
ing the  nitrogen  accumulated  in  the  soil  through  the  agency  of  the 
clover  crop,  the  net  loss  of  nitrogen  is  less  than  1,000  pounds.  Another 
advantage  of  growing  clover,  as  x)ointed  out,  is  that  a  deep-feeding 
crop,  like  clover,  will  bring  up  the  fertility  from  the  lower  layers  of  the 
soil  and  concentrate  it  in  the  surface  soil.  This  is  especially  desirable 
in  potato  farming  which  makes  a  heavy  draft  on  the  fertility  of  the 
soil,  especially  the  potash. 

In  the  example  of  stock  farming  selected  for  study,  25  acres  were  sown 
to  oats,  20  to  barley,  10  to  corn,  5  to  peas,  and  1  acre  each  to  potatoes 
and  millet.  The  remainder  of  the  farm  was  in  meadow  and  pasture. 
The  stock  kept  in  this  case  comprised  10  beef  cattle,  and  10  dairy  cows, 
10  horses,  5  steers,  10  head  of  young  stock,  30  sheep,  and  20  hogs.  Five 
steers  of  1,000  pounds  each,  5  head  of  young  stock,  5  horses,  10  hogs 
of  250  pounds  each,  and  1,500  pounds  of  butter  were  sold  from  the 
farm.  All  the  crops  grown,  including  40  tons  of  timothy  and  30  tons 
of  clover,  were  consumed  on  the  farm.  Eighteen  tons  of  food  material 
and  5  cords  of  wood  were  purchased  and  consumed,  besides  the  crops 
produced.  Under  these  conditions  there  was  approximately  a  gain  of 
35  pounds  of  phosphoric  acid,  and  a  loss  of  50  pounds  of  jwtash,  and 
898  pounds  of  nitrogen.  The  loss  of  nitrogen  was  more  than  balanced 
by  the  gain  due  to  the  clover  crop,  so  that  on  the  whole  there  was 
practically  no  loss  of  fertility  from  the  farm. 

In  the  example  given  of  a  dairy  farm,  30  cows,  5  head  of  young  stock, 
4  horses,  and  20  pigs  constituted  the  stock  kept  on  the  farm.  The 
crops  raised  were  10  acres  of  wheat,  20  of  oats,  10  of  corn,  7  of  rye,  5 
of  oats  for  hay,  2  acres  each  of  roots  and  peas,  1  each  of  millet  and 
potatoes;  25  tons  of  both  clover  and  timothy  were  produced,  and  the 
remainder  of  the  farm  was  mainly  in  pasture.  Sixteen  pigs  of  250 
pounds  each  and  4  head  of  young  stock,  5,000  pounds  of  butter,  and  all 
the  wheat  and  rye  produced  were  sold  from  the  farm,  while  the  rest  of 
the  products  were  consumed  as  feed  and  80  per  cent  returned  to  the 
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soil  as  fertilizer.  Ten  toDS  of  feed  and  5  cords  of  wood  were  purchased 
and  consumed  in  addition  to  what  was  produced  on  the  farm.  The 
figures  given  for  dairy  farming  show  a  gain  of  76  pounds  of  phosphoric 
acid  and  a  loss  of  85  pounds  potash,  and  809  pounds  nitrogen.  The 
loss  of  nitrogen,  however,  is  again  more  than  offset  by  the  gain  through 
the  clover  crop,  so  that  there  is  practically  no  loss  of  fertility  in  dairy 
farming  under  proper  management,  but  rather  a  constant  gain. 

The  loss  of  fertility  under  the  different  systems  of  farming  is  given 
in  the  following  table.  The  gain  of  nitrogen  through  clover  culture  is 
disregarded  in  these  figures: 

Approximate  Zo««  of  fertility  from  160  acres  of  land  under  different  systems  of  farming. 


System  of  farming. 


All  grain 

Mixed  grain  and  general. . 
Mixed  potato  and  general. 

Stock 

Dairy 


Phosphoric 
acid. 

Potash. 

Nitro- 
gen. 

Pound». 

Pounds. 

Pounds. 

2,460 

4,020 

5,600 

1,003 

1,047 

2.594 

991 

2, 435 

2,363 

a  35 

59 

898 

a  76 

85 

809 

Mineral 
matter. 

Pounds. 
18, 420 
5, 419 
6,070 
3,243 
1,818 


a  Gain. 

These  figures  given  »  »  *  are  not  intended  to  convey  the  idea  that  an  equiv- 
alent amount  of  each  element  must  always  be  returned  to  the  soil,  bnt  they  are 
intended  to  show  where  the  heaviest  drafts  fall  on  the  soil  with  each  system  of 
farming. 

In  making  comparisons,  the  variations  which  are  liable  to  occur  should  be  kept 
in  mind.  In  exclusive  grain  farming  the  loss  of  the  nitrogen  is  greater  than  given 
because  when  the  soil  is  continually  uncovered  by  the  cultivation  of  plowed  crops 
some  of  the  nitrogen  is  lost  by  drainage  and  by  the  decomposition  of  the  humus. 
When  clover  is  grown  in  the  other  systems  of  farming,  the  loss  of  the  nitrogen  is  less 
than  stated. 

The  annual  loss  of  phosphoric  acid  with  exclusive  grain  farming  is  nearly  2,500 
pounds  per  160  acres.  With  mixed  grain  or  potato  farming  this  loss  is  reduced  to 
about  1,000  poi  jids. 

With  stock  farming,  when  all  of  the  crops  are  fed  to  the  stock  on  the  farm  and  a 
small  amount  of  milled  products  is  purchased,  there  is  practically  no  loss  of  phos- 
phoric acid  and  potash,  except  in  the  handling  of  the  manure.  When  the  manure  is 
weU  cared  for,  the  losses  of  these  elements  are  both  less  than  stated. 

In  the  case  of  dairy  farming  or  stock  farming,  when  all  of  the  skim  milk  is  fed  on 
the  farm  and  a  part  of  the  grain  is  exchanged  for  more  concentrated  milled  products, 
there  is  no  loss,  but  on  the  other  hand  a  constant  gain  of  fertility  to  the  soil. 

COVEE  CHOPS  FOR  OECHARDS 

An  orchard  cover  crop  is  a  crop  grown  in  the  fall  and  winter  to  pro- 
tect the  soil  and  trees  of  orchards,  and  at  the  same  time  to  improve  the 
soil.  Unlike  crops  grown  throughout  the  season,  cover  crops,  as  a  rule, 
do  not  injure  the  trees  by  drying  out  the  soil,  for  in  many  places  heavy 
fall  rains  are  tlie  rule,  and  even  where  the  weather  during  the  fall  is 
normally  dry  the  injury  is  less  than  in  summer,  since  plants  evaporate 
les.s  water  from  their  leaves  in  the  cooler  weather  and  shorter  days  of 
fall  than  in  the  longer  and  hotter  days  of  summer.     Cover  crops  not  only 
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do  not,  as  a  mle,  dry  out  the  soil  injurionsly,  bat  they  also  add  directly 
to  the  moisture-holding  capacity  of  the  soil  by  the  humug  formed  in 
their  decay,  and  they  hold  much  of  the  snow  until  it  melts  and  is 
absorbed  by  the  soil. 

Another  reason  why  cover  crops  are  rarely  as  injurious  as  crops  grown 
throughout  the  entire  season  and  are  often  beneficial  is  that  their  growth 
is  made  after  the  trees  have  stopped  growing  and  ^e  maturing  their 
wood  for  winter.  The  Michigan  Station  has  shown  that  the  majority  of 
trees  in  that  locality  complete  their  growth  by  July.  Of  course,  the 
conditions  observed  in  Michigan  do  not  occur  in  all  climates  or  seasons, 
but  they  show  unmistakably  the  tendency  of  trees  to  make  their  great- 
est growth  early  in  the  season.  Trees  therefore  require  much  less 
moisture  in  the  latter  part  of  the  season  than  they  do  in  the  early  part. 
Indeed,  in  moist  localities  it  is  often  thought  to  be  a  distinct  advantage 
to  stop  cultivation  by  midsummer  and  grow  some  secondary  crop  which 
will  check  the  growth  of  the  trees  and  cause  them  to  mature  before 
winter.  The  Washington  Station,  in  studying  the  unusually  severe 
freeze  occurring  in  the  fall  of  1896,  found  that  in  most  instances  late 
summer  cultivation  had  an  injurious  effect  similar  to  late  irrigation. 
"Wherever  cultivation  or  irrigation  had  been  kept  up  late  in  the  season 
and  the  ground  was  moist  and  the  trees  in  an  active  growing  condition, 
there  the  frost  did  most  damage." 

Among  other  benefits  to  be  derived  from  cover  crops  is  the  checking 
of  washing  and  leaching  of  the  soil.  Light  soils  are  often  gullied  by 
heavy  rains  in  the  fall  just  as  in  summer,  and  some  crop  to  bind  such 
soils  is  beneficial.  In  the  case  of  soil  leaching  and  the  consequent  loss 
of  plant  food,  especially  nitrates,  a  crop  is  more  valuable  in  the  fall 
and  early  winter  than  earlier  in  the  season,  for  in  spring  and  summer 
the  tree  roots  are  in  condition  to  take  ui)  much  of  the  plant  food  as  it 
becomes  available;  but  from  the  time  their  leaves  fall  until  the  soil  is 
frozen  the  plant  food  which  would  otherwise  escape  in  the  drainage 
water  or  be  washed  down  beyond  the  reach  of  plants  can  be  saved  only 
by  secondary  crops,  which  grow  until  stopi)ed  by  the  severe  weather  of 
winter.  Even  in  cases  where  the  leaching  of  soils  is  not  excessive  a 
deep-rooting  cover  crop  brings  up  plant  food  from  the  subsoil  and  leaves 
it  near  the  surface  to  be  used  later  by  the  trees. 

Besides  preventing  in  part  the  loss  of  fertilizing  elements  from  the 
soil,  cover  crops  may  serve  as  a  direct  fertilizer.  For  this  purpose  the 
well-known  ability  of  leguminous  plants  to  take  nitrogen  from  the  air 
and  store  it,  so  that  it  can  be  used  later  by  other  plants,  is  made  use 
of.  The  use  of  such  crops  in  ordinary  farm  rotations  is  well  known. 
That  they  may  be  equally  useful  in  case  of  orchard  fruits  is  shown  by 
tests  at  the  New  Jersey  Station.  Crimson  clover  was  sown  in  the 
peach  orchard  on  sandy  soil  in  the  latter  part  of  July  and  the  crop  was 
plowed  under  in  the  latter  part  of  the  following  May.  The  cover  crop 
retarded  the  growth  of  the  trees  somewhat  jn  the  spring,  but  after  it 
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was  plowed  under  they  gained  rapidly,  and  both  wood  growth  and 
fruitage  were  more  satisfactory  than  in  the  remainder  of  the  orchard, 
which  was  fertilized  with  nitrate  of  soda.  The  use  of  leguminous 
crops,  however,  is  not  to  be  recommended  in  all  cases.  It  often  hap- 
pens that  soils  become  too  rich  in  nitrogenous  fertilizers,  and  the  trees, 
therefore,  grow  too  vigorously,  do  not  mature  their  wood  well,  and  are 
unfruitful.    In  such  cases  leguminous  crops  should  not  be  used. 

Cover  crops  may  also  improve  the  physical  condition  of  the  soil.  In 
this  connection  the  relation  of  humus  to  the  water-holding  capacity  of 
the  soil  has  been  already  noted.  Humus  is  also  beneficial  in  changing 
the  character  of  very  heavy  soils,  making  them  more  porous  and  lessen- 
ing their  tendency  to  puddle  in  wet  weather.  Cover  crops  which  live 
through  the  winter  are  of  use  in  drying  out  heavy  wet  soils  in  spring 
so  as  to  allow  of  cultivation. 

Cover  crops  may  also  be  advantageous  in  protecting  the  trees  and 
fruit.  The  Delaware  Station  reports  lessened  injury  to  fruit  blown 
from  the  tree  where  the  soil  was  covered  with  a  crop  of  crimson  clover. 
In  the  extreme  Korth  cover  crops  are  thought  to  be  of  advantage  in 
preventing  deep  freezing  and  alternate  freezing  and  thawing  of  the 
soil  and  the  consequent  injury  to  the  roots  of  trees.  At  the  Delaware 
Station  ground  covered  with  crimson  clover  is  reported  as  unfrozen 
when  the  temperature  of  the  air  was  14^  F.  In  some  cases  a  cover 
may  be  injurious  rather  than  beneficial  to  trees  and  fruit  through  the 
protection  afforded  to  insects,  mice.  etc. 

To  secure  the  best  results  with  a  cover  crop  that  lives  over  winter, 
it  should  be  plowed  under  early  In  the  spring  while  it  is  still  succulent 
enough  to  decay  rapidly.  A  crop  plowed  under  late  in  the  spring  after 
it  has  become  more  or  less  woody  will  decay  slowly,  keep  the  soil  too 
loose,  and  thereby  serve  to  dry  it  out  rather  than  retain  its  moisture. 
In  many  regions  the  crop  may  also  do  injury  by  the  evaporation  of 
moisture  from  its  leaves  if  allowed  to  grow  too  late  in  spring. 

The  kind  of  crop  that  should  be  grown  for  winter  cover  must  be 
determined  by  local  conditions.  In  general  the  best  crop  is  one  that 
can  be  sown  after  tree  growth  stops,  continues  growth  late  in  the  fall, 
makes  a  close,  thick  cover,  lives  over  winter,  and  furnishes  considerable 
green  manure.  Nevertheless  some  crops  which  winterkill  furnish  con- 
siderable winter  protection  and  serve  fairly  well  the  purpose  of  a  green 
manure.  Bed  clover  and  alfalfa,  though  good  green-manure  crops  in 
general  farming,  are  not  suitable  as  a  rule  for  growth  in  orchards,  since 
they  do  not  start  well  late  in  summer  and  require  too  much  time  to  reach 
their  full  development.  At  the  Canada  Experimental  Farms  alfalfa 
and  red  clover  proved  inferior  to  mammoth  clover.  A  mixture  of  alfalfa 
and  mammoth  clover,  however,  made  a  good  cover;  the  mammoth  clover 
covering  the  ground  thickly  below  the  taller  and  more  slender  alfalfa. 
Mammoth  clover  was  considered  the  most  satisfactory  cover  crop  for 
Canada.    It  germinated  promptly,  soon  took  possession  of  the  ground; 
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and  began  growth  early  in  the  following  spring.  At  the  New  York 
State  Station  mammoth  clover  formed  a  dense  covering  and  remained 
alive  over  winter,  comparing  favorably  with  winter  vetch  and  winter 
rye.  A  mixture  of  the  latter  formed  a  perfect  mat  of  vegetation  and 
remained  green  over  winter.  At  the  New  York  Cornell  Station  the 
European  vetch  sown  early  in  summer,  though  starting  slowly,  made  a 
thick  cover  by  the  middle  of  September.  It  remained  green  and  con- 
tinued growing  for  some  time  after  frost,  the  vines  standing  2  feet  high 
at  the  beginning  of  winter.  On  the  approach  of  hard-freezing  weather 
it  fell,  forming  an  even,  carpetlike  cover,  and  by  spring  the  plants  were 
decayed  so  they  could  easily  be  plowed  under.  The  seed  must  not  be 
sown  too  early  for  best  results  with  summer  cultivation,  but  the  plaut  is, 
nevertheless,  considered  one  of  the  best  for  New  York.  It  is  recom- 
mended to  sow  the  seed  the  last  of  June  or  first  of  July  or,  if  in  very 
good  soil,  as  late  as  the  last  of  July.  Soja  beans  and  cowpeas  have 
been  successfuly  grown  in  peach  orchards  in  Connecticut.  In  Canada 
they  are  reported  to  have  grown  rapidly,  but  were  killed  by  the  first 
frost  and  did  not  make  as  good  a  cover  as  rye,  buckwheat,  or  field  peas. 
Cowpeas,  and  perhaps  velvet  beans*  also,  may  prove  valuable  in  the 
Southern  States,  but  are  not  so  well  suited  to  the  North.  Both  the  New 
York  stations  report  cowpeas  as  making  a  good  growth,  but  the  seed 
must  not  be  sown  too  early  to  allow  of  the  best  cultivation.  The  plants 
are  killed  by  the  first  frost,  lose  their  leaves,  and  afford  little  winter  pro- 
tection. Field  beans,  while  better  than  no  cover,  are  open  to  the  same 
objections  as  cowpeas.  Field  peas  are  often  grown  as  a  cover  crop. 
At  the  New  York  Cornell  Station  field  peas  sown  in  the  middle  of 
August  produced  vines  from  2  to  S  feet  long  and  remained  green  after 
frost,  making  a  good  mulch.  When  sown  as  late  as  the  middle  of  Sep- 
tember they  did  not  make  k  satisfactory  cover.  At  the  New  York  State 
Station  Canada  peas  and  buckwheat  and  blue  peas  and  buckwheat 
gave  satisfactory  results,  both  mixtures  making  a  good  growth  and  the 
peas  remaining  green  until  winter.  The  growth  of  the  Canada  peas 
and  buckwheat  was  so  great  as  to  interfere  with  the  gathering  of  winter 
apples.  Field  peas  are  considered  among  the  best  crops  for  winter 
cover  at  the  Nebraska  Station,  though  most  crops  make  a  rather  small 
growth  in  the  dry  falls  of  that  region.  Crimson  clover  ^  is  considered 
an  ideal  cover  crop  wherever  it  withstands  the  winter,  though  it  does 
not  thrive  on  hard,  poorly  tilled  soil  as  well  as  many  other  crops.  It  is 
reported  by  the  New  Jersey  Station  as  being  hardy  throughout  the 
State  and  considered  much  more  economical  than  city  manure  as  a 
nitrogenous  fertilizer.  It  may  be  sown  there  from  the  middle  of  July 
to  the  middle  of  September.  According  to  the  Delaware  Station,  it  is 
grown  largely  in  the  peach  orchards  of  that  State.  It  sends  its  roots 
to  a  depth  of  4  feet  even  in  hard  soil,  flourishes  on  poorer  soil  than  red 
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clover,  and  makes  its  growth  during  the  fall,  winter,  and  spring,  growing 
when  wheat  and  even  rye  seem  dormant.  In  spring  the  sod  is  plowed 
in  such  a  way  as  to  leave  many  of  the  clover  heads  above  the  soil,  to 
ripen  and  reseed  the  orchard.  On  poor  soil  cowpeas  are  sometimes 
grown  during  summer,  and  are  followed  by  crimson  clover  sown  in  the 
pea  vine  in  August.  This  practice  is  also  recommended  by  the  Vir- 
ginia Station.  Crimson  clover  has  not  proved  entirely  hardy  at  the 
Ehode  Island,  Michigan,  New  York  State,  and  New  Hampshire  stations 
and  at  the  Canada  Experimental  Farms,  and  was  not  satisfactory  at  the 
Nebraska  Station  on  account  of  dry  weather  in  the  fall.  In  the  locality 
of  the  New  York  Cornell  Station  crimson  clover  winterkills  if  sown  too 
late.  About  the  middle  of  July  or  first  of  August  is  recommended  as 
the  best  time  to  sow  it.  If  sown  earlier,  it  matures  and  dies  before 
winter.  Failures  with  crimson  clover  are  frequent,  but  no  more  so  than 
with  red  or  mammoth  clover  sown  at  the  same  time. 

Where  a  nitrogenous  fertilizer  is  not  desired,  rye  is  a  good  cover 
crop.  It  is  also  useful  on  very  light  sandy  soils,  and  on  very  hard 
lumpy  soils  where  other  crops  are  not  easily  grown.  A  few  years' 
growth  of  rye  may  improve  such  soils  sufficiently  to  permit  of  the  use 
of  other  crops.  Turnips  have  been  recommended  for  use  on  hard  dry 
land,  where  other  crops  do  not  start  readily.  Sown  late  in  July,  they 
are  said  to  make  a  good  cover  in  the  locality  of  New  York  Cornell 
Station.  Kape*  may  also  serve  a  useful  purpose  as  a  cover  crop..  At 
the  New  York  State  Station  dwarf  Essex  rape  made  a  very  rank 
growth,  sufficient  to  interfere  with  gathering  winter  frnit.  It  seemed 
to  furnish  hiding  places  for  mice,  which  girdled  the  trees  badly.  This, 
however,  may  occasionally  be  true  of  any  heavy  cover.  Com  sown 
thickly  one  and  one-half  to  two  months  before  frost  makes  a  good 
winter  cover,  though  killed  quickly  by  cold  weather.  Buckwheat  is 
also  good  for  the  same  purpose  if  sown  so  as  to  reach  its  full  height 
but  not  to  produce  seed  before  winter.  Among  other  plants  of  more 
or  less  value  as  cover  crops,  oats,  wheat,  barley,  millet,  and  spurry  are 
sometimes  recommended. 

CTJLTIVATINO  v.  CEOPPINO  OECHAEDS. 

Whether  orchards  shall  be  cropped  or  given  clean  cultivation,  how 
cultivation  shall  be  done,  whether  it  shall  be  continued  throughout  the 
season,  and  similar  problems  depend  very  largely  on  local  conditions 
of  soil,  climate,  and  the  like.  It  is  evident,  therefore,  that  no  definite 
rules  can  be  given  for  the  cultivation  of  orchards  in  all  localities.  The 
principles  underlying  successful  culture,  however,  are  the  same  every- 
where, and  therefore  a  knowledge  of  them  will  aid  in  deciding  local 
questions. 

Various  experiment  stations  have  conducted  experiments  to  find  out 
what  methods  give  best  results  and  why  they  do  so.    At  the  New  York 
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Cornell  Station  it  was  found  that  the  roots  of  trees  only  6  or  6  years 
old  have  a  greater  spread  than  the  tops.  For  instance,  the  roots  of 
an  apple  tree  in  rich,  cultivated  soil  extended  8  feet  from  the  trunk, 
while  the  entire  top  was  not  over  8  feet  across.  Another  apple  tree  in 
8od,  with  a  top  only  6  feet  across,  had  roots  10  feet  long.  A  pear  tree 
in  poor  soil  had  roots  21  feet  long,  while  its  entire  top  measured  only  7 
feet  across.  The  roots  of  an  apple  tree  which  had  stood  in  sod  since 
planting  were  just  beneath  the  surface  of  the  soil,  while  the  roots  of 
those  in  cultivated  soil  were  nowhere  less  than  8  inches  from  the  sur- 
face. These  facts  show  that  if  orchards  are  to  be  cultivated  at  all  they 
must  be  cultivated  from  the  first,  since  otherwise  the  roots  grow  so 
near  the  surface  as  to  be  injured  by  plowing  and  cultivation.  They 
also  show  that  to  get  the  full  benefit  of  cultivation  all  the  space  between 
the  trees  must  be  cultivated. 

At  the  Nebraska  Station  a  study  was  made  of  the  eflPect  of  cultiva- 
tion on  the  growth  of  apple  trees,  tiie  size  of  fruit,  and  the  water  con- 
tent of  the  soil.  A  small  orchard  was  divide<l  into  three  parts,  one  of 
which  was  cultivated  regularly  and  the  other  two  left  in  grass  and 
weeds,  one  of  the  latter  being  mowed  and  the  other  pastured  by  hogs. 
The  rei)ort  says:  *' Trees  in  cultivated  ground  suffered  noticeably  less 
from  the  drought  and  hot  winds  of  summer  than  those  in  sod  ground. 
The  foliage  was  darker  and  more  vigorous  in  appearance,  and  there 
was  no  yellowing  and  dropping  of  the  leaves  nor  wilting  during  hot 
windy  days,  both  of  which  occurred  with  uncultivated  trees.  Apples 
irom  cultivated  land  averaged  nearly  14  per  cent  larger  in  weight  than 
those  from  pasture  land  and  over  17  per  cent  larger  than  those  from 
mowed  land."  The  average  percentages  of  moisture  in  the  first  20 
inches  of  the  soil  in  the  different  portions  of  the  orchard  in  the  latter 
part  of  October  were:  Mowed  portion,  14;  pasture  portion,  14.7;  por- 
tion cultivated  until  August  1,  17,  and  portion  cultivated  the  entire 
season,  -0.4.  The  next  season  the  results  were  practically  the  same. 
The  average  percentages  of  moisture  in  the  first  24  inches  of  soil  in  the 
last  of  August  were :  Pasture  part,  14.6;  mowed,  14.6;  cultivated,  21.2. 
The  differences  in  moisture  were  greater  at  a  depth  -of  6  inches  than 
the  average  differences  given  above,  and  were  noticeable  even  at  a 
depth  of  20  inches.  Observations  on  some  grass  laud  near  the  orchard 
showed  that  alfalfa  only  2  years  old  took  the  moisture  from  the  soil  as 
completely  as  an  old  June  grass  sod.  These  facts  show  how  very  nec- 
essary cultivation  is  in  a  dry  climate.  That  the  same  is  true  in  dry 
seasons  in  moister  climates  is  shown  by  observations  at  New  York 
Cornell  Station.  Part  of  an  orchard  was  given  clean  cultivation  and 
another  part  was  seeded  to  field  peas  in  the  spring,  to  be  grown  as  a 
green  manure  crop.  In  the  fall  the  percentages  of  moisture  at  a  depth 
of  12  inches  in  the  green  manure  plat  were  8.7  to  9.6  and  in  the  culti- 
vated plat  11.3  to  12.8.  Moreover,  in  the  cultivated  soil  the  moisture 
was  distributed  to  within  2  inches  of  the  surface  of  the  soil,  while  in  the 
11821— No.  87 2 
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soil  growing  field  peas  the  first  few  inches  were  exceedingly  dry.  The 
tree  growth  was  less  vigorous  and  the  leaves  lighter  colored  on  the 
green  manure  plat  than  on  the  other.  The  leaves  of  peach  trees  on 
the  cultivated  plat  were  perfect,  while  on  the  green  manure  plat  they 
turned  yellow  and  fell.  Similar  dififerences  were  seen  in  the  case  of 
apricots,  pears,  and  plums. 

The  California  Station  has  recently  reported  an  instance  of  the  bene- 
ficial effect  of  cultivation  on  the  growth  and  fruitfulness  of  orchards. 
Apricots  grown  in  adjacent  fields  under  exactly  the  same  conditions, 
except  for  cultivation,  showed  great  difference  in  behavior  (fig.  3). 
The  soil  of  the  region  in  which  the  orchards  are  located  has  a  rather 
loose  texture.  One  orchard  was  cultivated  several  inches  deep  and 
the  other  was  uncultivated.  During  one  season  the  trees  in  the 
cultivated  field  made  a  wood  growth  of  over  3  feet,  while  those  in  the 
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Fio.  3 Cultivated  (A)  and  uncnltiTated  (B)  apricot  trees  in  a  dry  season. 

uncultivated  field  made  a  growth  of  not  over  3  inches.  There  was  also 
a  great  difference  in  the  fruit.  The  average  percentage  of  moisture  in 
the  first  6  feet  of  soil  was  6.3  in  the  cultivated  orchard  and  4.2  in  the 
other  one.  A  recent  bulletin  of  the  Illinois  Station  reports  marked 
benefit  from  clean  cultivation  of  an  orchard.  In  1890  three  rows  each 
of  Ben  Davis  and  Grimes  Golden  apples  were  planted,  the  trees  being 
set  15  feet  apart  each  way.  These  were  divided  into  4  plats,  the  first 
being  given  clean  cultivation  and  the  second,  third,  and  fourth  being 
cropped  with  oats,  clover,  and  blue  grass,  respectively  (fig.  4).  The  same 
treatment  was  continued  each  year  after  planting.  The  trees  grown  on 
the  grass  plats  were  decidedly  inferior  to  those  grown  on  the  cultivated 
plat  as  regards  height,  diameter  of  trunk,  vigor,  and  abundance  of 
foliage,  et<5.  For  instance,  in  the  case  of  the  Ben  Davis  trees  the 
diameter  of  the  trunks  1  foot  above  the  surface  of  the  soil  was  about 
twice  as  great  in  the  case  of  the  cultivated  plat  as  in  case  of  that  in 
grass.    Similarly  the  height  of  the  trees  in  the  two  plats  averaged  18| 
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and  11  feet,  and  tbe  diameter  of  the  tops  15^  and  8|  feet,  respectiyely. 
In  the  growth  and  vigor  of  trees,  the  clover  plat  ranked  next  after  the 
cultivated  plats,  and  the  oats  plat  ranked  between  the  clover  and  bine 
grass  plat.  An  examination  of  the  root  systems  of  trees  on  the  different 
plats  also  showed  the  superiority  of  clean  cultivation,  especially  over 
cropping  with  oats  and  grass.  In  the  cultivated  plat  the  root  system 
was  compact  and  reached  a  considerable  depth,  while  in  the  oats  and 
grass  plats  the  roots  grew  shallow  and  ranged  widely  from  the  tree. 
There  was  also  a  difference  in  the  moisture  content  of  the  soil  in  the 
different  plats.  In  the  latter  part  of  October,  1897,  the  average  per- 
centages of  moisture  in  the  first  27  inches  of  soil  of  the  various  plats 
were  for  the  cultivated  and  com  plats  12,  for  the  clover  plat  10,  and 
for  the  oats  and  grass  plats  8.  The  effect  of  the  different  treatments 
is  seen  in  figure  4  which  shows  a  typical  tree  from  each  of  the  4  plats. 


Fio. 4.— Effect  of  different  eytiteiDB  of  culture  on  the  growth  of  apple  trees:  A,  clean  cultivation; 
B,  cropped  with  oats ;  O,  cropped  with  clover ;  2>,  cropped  with  blue  grass. 

The  injury  caused  by  growing  grass  in  young  orchards  is  shown  very 
emphatically  by  an  experiment  conducted  at  the  Utah  Station.  Parts 
of  an  orchard  were  seeded  to  alfalfa,  timothy,  clover,  and  a  mixture  of 
timothy  and  clover  soon  after  the  trees  were  set,  and  other  parts  were 
cultivated,  all  being  irrigated  alike.  Over  half  of  the  trees  in  the 
grass  plats  died  and  were  reset  twice,  while  the  cultivated  trees  lived 
and  grew  well.  It  is  not  to  be  expected  that  growing  grass  in  young 
orchards  is  always  as  injurious  as  it  proved  to  be  at  the  Utah  Station, 
yet  the  reported  experiences  of  fruit  growers  and  experimenters  every- 
where show  the  importance  of  carefully  cultivating  young  orchards. 
Even  in  a  climate  as  moist  as  that  of  England  grass  proves  very  detri- 
mental to  young  trees.  At  the  Woburn  Experimental  Fruit  Farm  a 
mixture  of  grass  recommended  for  orchards  was  sown  around  young 
apple  trees  and  other  trees  were  cultivated,  the  two  lots  being  treated 
alike  in  other  respects.  The  second  year  after  sowing  the  grass  the 
trees  in  the  grass  plat  made  35  to  41  per  cent  less  leaf  growth  and 
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74  to  87  per  cent  less  wood  growth  than  trees  in  the  cultivated  plat. 
In  the  case  of  dwarf  trees  bearing  fruit  for  the  first  time  the  grass 
reduced  the  yield  71  per  cent  in  weight  and  82  per  cent  in  value. 
Grass  sod  was  much  more  injurious  than  weeds  which  lived  but  one 
year. 

From  the  exi)eriments  referred  to  above  it  would  appear  that  the 
growth  of  grass,  weeds,  and  even  such  plants  as  field  peas,  through  the 
entire  season  without  cultivation,  especially  in  young  orchards,  is  to  be 
regarded  as  an  injurious  practice.  The  growth  of  grass,  weeds,  and 
cereal  crops  makes  impossible  cultivation,  which  would  not  only  check 
evaporation  of  water  from  the  soil,  but  would  also  prepare  the  soil  to 
hold  more  of  the  rainfall,  make  plant  food  available  to  the  trees,  send 
the  tree  roots  down  to  the  subsoil,  and  the  like.  Aside  from  prevent- 
ing cultivation,  the  crops  noted  evaporate  a  great  amount  of  water 
through  their  leaves,  and,  if  removed  from  the  orchard,  rob  it  of  fertility. 

Notwithstanding  all  this,  it  must  not  be  inferred  that  clean  cultiva- 
tion is  best  in  all  cases.  If  the  trees  are  set  in  fertile  soil  there  is 
usually  no  injurious  effect  from  growing  a  secondary  crop  between  the 
rows  while  the  trees  are  young  and  their  roots  do  not  occupy  the  entire 
soil,  but  the  secondary  crop  should  always  be  one  that  requires  careful 
cultivation  and  does  not  evaporate  moisture  excessively,  such  as  beans, 
peas,  potatoes,  cabbage,  squashes,  melons,  and  the  like.  The  crops 
noted,  and  other  similar  ones,  if  not  planted  too  close  to  the  trees,  do 
not  hinder  cultivation,  and  they  evaporate  comparatively  little  moisture. 
As  an  example  of  this,  it  has  been  shown  at  the  Nebraska  Station  that 
in  midsummer  the  moisture  content  of  the  soil  of  well-cultivated  plats 
of  cabbage,  beans,  peas,  and  potatoes  was  but  little  less  than  that  of  cul- 
tivated fields  in  which  no  crop  was  growing.  Such  plants  as  squashes 
and  melons  may  hinder  cultivation  late  in  the  season,  but  that  is  usu- 
ally not  a  disadvantage,  as  shown  later.  As  the  trees  grow  the  crops 
should  be  planted  farther  from  them  until  the  tree  roots  occupy  all  the 
ground,  when  it  is  usually  best  to  discontinue  growing  secondary 
crops.  Orchards  with  trees  set  20  feet  apart  should  rarely  be  cropped 
more  than  three  years,  but  apple  orchards  can  often  be  cropped  for 
seven  or  eight  years.  When  the  trees  begin  to  bear  it  is  usually  time 
to  stop  cropping  the  orchards. 

Aside  from  the  growth  of  secondary  crops  in  orchards,  there  are  other 
cases  where  clean  cultivation  is  not  best.  It  often  happens  that  in  very 
rich  soil  or  in  very  moist  localities  fruit  trees  grow  vigorously,  but  do 
not  fruit  well.  It  is  then  necessary  to  do  something  to  check  the 
growth  and  induce  fruitfulness.  This  may  often  be  accomplished  by 
seeding  the  orchard  to  grass.  How  long  grass  should  be  allowed  to 
remain  can  be  determined  only  by  the  growth,  fruitfulness,  and  appear- 
ance of  the  trees.  If  the  growth  becomes  very  weak  and  the  leaves 
are  light-colored  it  is  an  indication  that  cultivation  should  be  resumed. 
Indeed,  it  should  have  been  resumed  before  these  conditions  appeared. 
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Another  case  in  which  clean  cultivation  is  not  best  is  where  orchards 
in  very  light  soils  are  subject  to  the  washing  and  leaching  of  heavy 
rains.  In  such  cases  it  may  be  advantageous  to  grow  a  secondary  crop 
in  summer,  to  hold  the  soil  and  prevent  the  washing  out  of  food  mate- 
rials. This  binding  of  orchard  soils 
by  means  of  secondary  crops  may 
well  be  combined  with  the  improve 
ment  of  the  soil  by  green  manuring. 
In  the  majority  of  cases,  however, 
this  treatment  will  be  found  unnec- 
essary. But  even  where  summer 
treatment  is  not  necessary  it  is  often 
well  to  grow  some  crop  to  protect 
the  soil  and  trees  during  winter  and 
to  improve  the  soil.  In  this  case, 
then,  clean  cultivation  during  the 
first  part  of  the  season  may  be  fol- 
lowed later  by  the  use  of  some  cover 
crop. 

APPUCATIOir  OF  WATER  FEES- 
SURE  TO  TR  AH  SFLAHTED  TREES. 

The  Wisconsin  Station  has  re- 
cently reported  experiments  in  ap- 
plying slight  water  pressure  to  the 
roots  of  newly  transplanted  trees  as 
a  means  of  promoting  the  starting 
of  their  buds,  thereby  preventing 
failure  in  transplanting.  A  vessel 
containing  a  small  quantity  of  water 
is  supported  at  a  height  equal  to  or 
slightly  exceeding  that  of  the  tree 
and  connected  by  a  tube  with  a  root 
of  the  tree,  so  that  the  pressure  ex 
erted  by  the  column  of  water  in  the 
tube  is  communicated  to  the  water 
within  the  tree.  In  the  tests  made 
at  the  station  a  flask  of  water  was 
supported  on  a  stake  driven  in  the 
ground  near  the  tree  and  a  rubber 
tube  used  to  connect  the  flask  with 
the  root.  A  simpler  and  more  substantial  form  of  apparatus  is  recom- 
mended for  general  use  (fig.  5).  A  cup  with  a  small  opening  in  the 
bottom  is  soldered  to  one  end  of  a  small  gas  pipe  and  a  cap  screwed 
on  to  close  the  other  end.  Near  the  closed  end  the  pipe  has  a  T  con- 
nected with  a  brass  nipple  to  which  a  short  rubber  tube  is  attached. 


Fio.  5.— Apparatus  for  applying  water  presBure 
to  transplanted  trees. 
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The  Boil  is  removed  from  the  end  of  a  root  aod  the  closed  end  of  the 
gas  pipe  shoved  into  the  ground  near  enough  to  the  tree  to  allow  the 
rubber  tube  to  slip  over  the  end  of  the  root.  The  end  of  the  rubber 
tube  is  then  closed  with  a  cork  and  the  apparatus  filled  with  water, 
when  the  cork  is  removed  and  the  end  of  the  tube  slipped  over  the  end 
of  the  root  and  tied  with  a  cord. 

The  effect  of  the  water  pressure  was  often  very  quickly  noticed,  some- 
times within  forty-eight  hours.  Pressure  was  applied  in  the  latter  part 
of  May,  1896,  to  a  small  purple  beech  tree  which  had  been  planted  in 
April  but  had  shown  no  indications  of  opening  its  buds.    Six  days 


Fio.  6.— Effect  of  artificial  root  pressure  on  the  opening  of  bads. 

later  the  buds  had  opened  sufficiently  to  show  the  leaves  plainly.  In 
the  middle  of  May,  1896,  water  pressure  was  applied  to  a  tree  of  the 
^^  City  "  plum  which  had  been  planted  nearly  a  month  previous.  Several 
leaf  buds  had  opened  but  had  been  dried  up  by  hot,  dry  weather.  A 
week  after  the  pressure  was  applied  many  buds  which  had  not  opened 
before  began  to  swell,  and  in  about  another  week  the  leaves  were  push- 
ing out  vigorously.  In  the  spring  of  1897,  twenty  Whitney  crab-apple 
trees  were  planted  in  rather  poor,  dry  soil.  The  roots  of  these  trees 
had  been  exposed  for  a  time  during  the  winter  to  the  warm,  dry  atmos- 
phere of  the  garden  house,  having  been  used  by  students  in  lessons  in 
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traDsplaDting,  and  had  then  been  kept  Id  damp  soil  in  a  cellar.  Dariug 
the  four  days  preceding  planting  the  roots  were  exposed  to  the  air  but 
protected  ^om  the  rain  and  snow.  The  trees  were  planted  in  the  lat- 
ter part  of  April  without  special  care,  and  water  pressure  was  applied 
to  a  root  of  each  alternate  tree.  The  weather  was  clear,  with  occasional 
showers.  In  one  week  after  planting,  the  buds  on  the  trees  supplied 
with  water  pressure  began  to  open,  and  in  two  weeks  every  tree  thus 
treated  was  starting  well.  Daring  the  next  two  weeks,  with  dry,  clear 
weather,  the  treated  trees  continued  with  one  exception  to  expand  their 
leaves.  By  this  time  the  buds  on  one  of  the  untreated  trees  began  to 
start,  but  those  on  the  other  untreated  trees  showed  no  sign  of  start- 
ing. (See  fig.  6.)  Later  the  ground  was  well  irrigated  and  mulched. 
All  the  trees  ultimately  grew  except  two,  both  failures  being  in  the 
untreated  lot,  and  by  fall  little  difference  could  be  seen  between  the 
trees  of  the  treated  lot  and  the  live  ones  of  the  untreated  lot,  showing 
that  the  advantage  of  the  treatment  is  only  in  starting  growth. 

The  apparatus  has  not  thus  far  been  tested  on  trees  more  than  four 
years  old  nor  on  evergreens.  Whether  it  will  be  found  advantageous 
to  use  this  treatment  in  transplanting  large  trees  can  not  be  said  at 
present.  Whether  it  is  found  economical  in  ordinary  work  or  not,  it 
wiil  undoubtedly  prove  a  very  valuable  means  of  preventing  failure  in 
transplanting  trees  under  unfavorable  conditions,  especially  in  the  case 
of  rare  or  otherwise  specially  valuable  trees. 

In  regard  to  the  practical  value  of  the  treatment  the  bulletin  says: 

Trees  of  which  the  bark  is  shriveled  and  the  bads  blackened  by  andae  drying,  or 
of  which  the  roots  have  been  killed  by  severe  freezing  in  a  dry  soil,  can  not  be  saved 
by  this  treatment;  but  trees  of  which  the  bark  and  bads  are  plump,  that  are  unable 
to  expand  their  leaves  even  when  the  soil  abont  their  roots  is  moist,  may  generally 
be  assisted  to  do  so  by  the  apparatus  here  described.  The  treatment  will  probably 
have  especial  value  for  trees  that  it  is  desired  to  plant  without  severe  cutting  back 
of  the  top. 

THE  EECXTNDITT  OF  SWIHE. 

The  impression  is  prevalent  among  farmers  that  pure-bred  swine  are 
unprofitable  for  breeding  purposes,  as  it  is  thought  that  as  purity  of 
breed  increases  fecundity  decreases.  The  question  of  the  fecundity  of 
improved  breeds  of  swine  was  investigated  recently  by  the  Indiana  Sta- 
tion. The  number  of  pigs  farrowed  and  raised  in  the  first  and  the  last 
200  litters  recorded  in  the  registers  of  Berkshire,  Poland-Ohina,  and 
Chester  White  pigs  were  compiled.  In  comparing  the  litters,  100  litters 
were  selected  in  which  the  sows  were  recorded,  and  100  in  which  the 
boars  were  recorded.  The  dates  of  fiurrowing  of  the  first  200  litters 
varied  through  a  number  of  years.  The  last  200  litters  were  almost  all 
farrowed  in  1896.  The  popular  opinion  was  not  confirmed  by  this 
inyestigation. 
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While  there  seems  to  he  a  redaction  in  the  uamher  of  very  large  utters,  tne  total 
nomher  farrowed  is  ahout  the  same  as  shown  hy  the  first  records. 

It  is  not  the  intent  to  compare  hreeds,  hut  to  compare  the  earliest  and  latest  rec* 
ords  of  litters,  to  determine  whether  there  has  heen  a  real  gain  or  loss  in  the  fecundity 
of  the  hreed. 

The  number  of  hoars  and  sows  raised  was  as  follows :  Berkshire,  400  litters,  2,866 
pigs,  1,498  hoars,  1,368  sows;  Poland-China,  1,000  litters,  6,542  pigs,  3,228  hoars* 
3,314  sows;  Chester  White,  600  litters,  4,555  pigs,  2,236  boars,  2,319  sows.  In  a  total 
of  3,693  pigs  farrowed,  and  all  raised,  there  were  1,786  hoars  and  1,907  sows. 


EOOD  VALUE  OF  HENS*  EOOS. 

Eggs  are  generally  regarded  as  a  valaable  and  nutritious  food. 
According  to  a  large  number  of  American  analyses,  an  egg  on  an  aver- 
age weighs  2  ounces  and  has  the  following  percentage  composition: 
Shell,  10.5;  water,  GQ-,  protein,  13.1;  fat,  9.3;  and  ash,  0.9.  A  side  of 
beef  contains  on  an  average  about  the  same  percentage  of  protein,  but 
a  larger  percentage  of  fat.  Eggs  belong  to  the  nitrogenous  group  of 
foods,  and  would  naturally  and  quite  properly  be  combined  in  the  diet 
with  materials  supplying  carbohydrates  .(sugar  and  starch),  such  as 
cereals,  i)otatoes,  etc. 

The  California  Station  has  recently  reported  an  extended  study  of 
the  physical  properties  and  chemical  composition  of  eggs,  the  chief 
object  being  to  determine  whether  there  was  any  basis  of  fact  for  the 
popular  opinion  that  eggs  with  brown  shell  have  a  higher  food  value 
than  those  with  white  shell.  The  brown-shelled  eggs  were  from  Par- 
tridge Cochins,  Dark  Brabmas,  Black  Langshans,  Wyandottes,  and 
Barred  Plymouth  Eocks,  and  the  white  shelled  eggs  from  Brown  Leg- 
horns, Buff  Leghorns,  White  Minorcas,  and  Black  Minorcas.  The  size, 
weight,  specific  gravity,  and  the  ratio  to  total  weight  of  the  shell,  yolk, 
and  white  are  shown  in  the  following  table: 

Comparison  of  broivn-shelletf  and  trhUe-shelled  eggs. 


I 
Weight.  Length 

1 

Specific 

Num- 
ber of 
eggs  to 
poQDd. 

Shell. 

Edible  portion. 

Width. 

^i^^: 

Total. 

Yolk. 

White. 

Brown-Bhelled  eggs  (aver- 
age of  6  breedfi) 

WUlt«  shelled  eggs  (aver- 
age of  4  breeds) 

1 

Oramt.  <  Inches. 
59.4        2.27 

62.9        2.27 

**1.69* 
1.76 

1.082 
1.058 

7.67 
7.83 

Peret, 
10.70 

10.92 

Peret. 
89.30 

89.08 

PereL 
31.76 

33.18 

Perct. 
67.54 

59.90 

Average  of  above.. 

61.2        2.27 

1.72 

1.070 

7.50  1    10.81 

89.19       32.47 

1 

56.72 
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The  composition  of  the  eggs  of  the  differeDt  breeds  is  recorded  iu 
detail*    The  averages  are  given  iu  the  following  table: 

Analyses  of  hrown'Shelled  and  white-shelled  eggs. 


Water.     Protein. 


Brown-shelled  eggs: 

Yolk 

White 

Entire  eg^ 

White^heUMTegKs : 

Yolk 

White 

Bntire  egg 


Per  cent. 
49.59 
86.60 
65.57 

49.81 
86.37 
64.79 


Per  cent. 
15.58 
11.99 
11.84 

15.49 
12. 14 
11.92 


Fat. 


Per  cent. 

33.52 

.21 

10.77 

33.34 

.35 

11.22 


Ash. 


Per  eetit 
1.04 
.54 
.64 

1.05 
.56 
.67 


Shell 


Percent. 
*'  10.70 


10.92 


Total. 


Percent. 
99.73 
99.34 
99.52 

99.69 
99.42 
99.52 


It  has  been  said  by  some  that  the  brown  eggs  are  richer  than  the  white  ones. 
This  statement  is  not  borne  out  by  a  chemical  analysis,  and  the  physical  examina- 
tion proves  that  the  main  points  of  superiority^  though  extremely  slight,  are  possessed 
by  the  white  eggs.  The  minute  differences  that  are  found  between  the  two  groups 
are  exceeded  by  variation  between  the  varieties  within  the  same  group. 

We  can  therefore  state  as  a  conclusion,  both  from  a  chemical  and  a  physical  point 
of  view,  that  there  are  practically  no  differences,  so  far  as  the  food  value  is  con- 
cerned, between  the  white-shelled  and  brown-shelled  eggs. 

The  Michigan  Station  has  recently  reported  a  study  of  the  chemical 
composition  of  eggs  from  different  breeds  of  hens.  These  were  Brown 
Leghorns,  Barred  Plymouth  Rocks,  Buff  Cochin,  Silver  Gray  Dorkings, 
White  Wyandottes,  and  Partridge  Cochin.  The  variation  in  composi- 
tion of  the  eggs  of  the  different  breeds  was  too  small  to  be  regarded  as 
of  any  practical  value.  It  would  undoubtedly  be  no  greater  than  tho 
variations  between  different  samples  of  eggs  from  the  same  breed* 
The  effect  of  the  character  of  rations  on  the  composition  of  eggs  was 
also  tested  with  two  lots  of  Barred  Plymouth  Kocks,  Wyandottes,  and 
Brown  Leghorn  hens.  The  test  covered  six  weeks.  Lot  1  was  fed  a 
mixture  of  1  part  of  meat  scraps,  8  i)arts  of  wheat,  and  1  part  of  oil 
meal.  Lot  2  was  fed  with  a  mixture  of  7  parts  of  corn,  1  part  of  tallow, 
and  2  parts  of  rice  meal.  Both  lots  were  given  lettuce  and  oyster 
shells  in  abundance.  No  marked  variation  in  the  composition  of  the 
eggs  due  to  different  rations  was  observed,  but  the  test  is  not  regarded 
as  conclusive,  since  it  was  of  short  duration. 

The  value  of  any  food  is  determined  not  alone  by  its  composition, 
but  also  by  its  digestibility.  It  is  evident  that  if  two  foods  have  the 
same  composition,  but  owing  to  physical  properties  or  other  cause  the 
first  gives  up  twice  as  much  material  to  the  body  in  its  passage  through 
the  stomach  as  the  second  it  is  much  more  valuable.  In  connection 
with  other  work  the  digestibility  of  eggs  was  studied  at  the  Minnesota 
Station.  Five  experiments  were  made  by  means  of  a  pepsin  solution 
to  determine  the  digestibility  of  eggs  cooked  under  different  conditions. 
Eggs  were  cooked  for  3  minutes  at  212°  F.,  giving  a  "soft-boiled''  eggy 
and  lor  5  minutes  and  20  minutes  at  the  same  temperature.  An  egg 
boiled  3  minutes  and  digested  for  5  hours  in  pepsin  solution,  compared 
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with  one  boiled  20  minutes  and  treated  in  the  same  way,  showed  8.3 
per  cent  undigested  protein  in  the  former,  against  4.1  per  cent  undi- 
gested protein  in  the  latter.  Under  similar  treatment  the  egg  boiled  5 
minutes  gave  3.9  per  cent  undigested  protein. 

Another  trial  was  then  made,  in  which  the  eggs  were  cooked  for 
periods  of  5  and  10  miuut'CS  in  water  at  180^  F.  In  both  of  these  cases 
the  protein  was  entirely  digested  in  5  hours. 

These  results  would  indicate  that  while  the  method  of  cooking  has 
some  eflfect  upon  the  rate  of  digestibility,  it  does  not  materially  affect 
the  total  digestibility.  The  results  agree  quite  closely  with  those 
reported  some  years  ago  by  Eubner,  a  German  investigator,  who  found 
that  97.1  of  the  protein  of  hard-boiled  eggs  was  digested. 

At  the  Minnesota  Station  a  digestion  experiment  was  also  made  with 
a  healthy  man,  in  ^hich  a  very  considerable  portion  of  the  nitrogenous 
material  and  fat  of  tbe  ration  was  furnished  by  eggs,  the  other  foods 
eaten  being  potatoes,  milk,  and  cream.  About  90  per  cent  of  the  total 
nitrogenous  material  and  90  per  cent  of  the  fat  consumed  were  digested. 
In  experiments  at  the  University  of  Tennessee  with  healthy  men  on  a 
diet  of  bread,  milk,  and  eggs  from  90  to  95  per  cent  each  of  the  protein 
and  fat  were  digested.  The  conclusion  therefore  seems  warranted 
that,  as  shown  by  composition  and  digestibility,  eggs  possess  the  high 
nutritive  properties  which  are  popularly  assigned  to  them. 

For  a  number  of  years  this  Department  has  been  carrying  on  food 
investigations  in  different  parts  of  the  country.  One  of  the  objects  was 
to  learn  the  kinds  and  amounts  of  food  consumed  by  persons  engaged 
in  various  occupations  and  the  relative  cost  of  such  foods.  Compared 
with  other  foods  at  the  usual  prices,  eggs  at  12  cents  per  dozen  were 
found  to  be  a  cheap  source  of  nutrients;  at  16  cents  per  dozen,  they 
were  fairly  expensive;  and  at  25  cents  per  dozen  and  over  they  were 
very  expensive. 

THE  SWEET  POTATO  AS  A  STARCH  PRODUCEB. 

By  far  the  larger  part  of  the  starch  of  commerce  is  at  present  manu- 
factured from  corn,  potatoes,  and  rice.  Potatoes  are  largely  used  on 
the  continent  of  Europe,  rice  principally  in  England,  but  corn  almost 
exclusively  in  America.  In  selecting  a  starch-producing  plant  two 
things  must  be  taken  into  consideration,  (1)  the  amount  of  starch 
yielded  per  acre  and  (2)  the  cost  of  separating  the  starch.  The  gen- 
eral use  in  the  United  States  of  corn  as  a  starch  producer  is  undoubt- 
edly due  to  its  widespread  culture,  its  high  content  of  starch,  and  the 
ease  and  cheapness  with  which  the  latter  is  produced.  While  it  is  not 
likely  that  any  of  our  common  crops  can  successfully  compete  with  com 
as  a  starch  producer  under  the  ordinary  conditions  at  present  prevailing 
in  the  United  States,  there  may  be  special  conditions  under  which  the 
utilization  of  other  starch-producing  plants  may  prove  profitable. 

The  sweet  potato  has  frequently  been  suggested  as  a  possible  profit- 
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able  Btarch  producer,  bat  little  baa  actually  been  done  to  determine  its 
value  for  this  purpose.  The  South  Carolina  Station  has  recently  made 
some  studies  on  the  sweet  potato  which  have  an  important  bearing  on 
this  point.  Analyses  of  samples  of  potatoes  f^om  di£ferent  sources 
showed  an  average  starch  content  of  over  20  per  cent,  running  as  high 
as  26  per  cent  in  some  cases.  In  two  samples  the  starch  was  separated 
mechanically.  In  the  first,  which  chemical  analysis  showed  to  contain 
22.82  per  cent  of  starch,  20.61  per  cent  was  obtained  by  mechanical 
means;  the  second,  containing  21.74  per  cent,  yielded  19.96  per  cent  by 
mechanical  separation.  The  material  thus  separated  was  quite  pure, 
containing  96  per  cent  of  pure  starch. 

Assuming  a  yield  of  20  bushels,  or  1,200  pounds,  of  wheat  per  acre; 
35  bushels,  or  1,960  pounds,  of  com,  and  200  bushels,  or  1,200  pounds, 
of  sweet  potatoes,  the  yield  of  starch  is  estimated  to  be:  From  wheat, 
684  pounds;  com,  1,283,  and  sweet  potatoes,  2,640.  It  is  thus  seen 
that  the  amount  of  starch  yielded  per  acre  by  sweet  potatoes  is  largely 
in  excess  of  that  yielded  by  cereals.  The  sweet  potato  also  appears  to 
have  some  advantage  in  this  respect  over  the  white  x>otato,  which  is  so 
largely  used  in  Europe. 

Besides  the  question  of  the  yield  of  starch,  however,  there  are  other 
things  to  be  taken  into  consideration,  viz,  the  cost  of  production  of  the 
sweet  potato,  the  changes  that  may  take  place  in  storage,  the  cost  of 
nianufSptcturing  the  starch,  and,  finally,  the  properties  of  the  starch  itself. 

It  is  claimed  that  a  given  amount  of  starch  is  produced  at  much  less 
cost  in  sweet  potatoes  than  in  cereals  and  white  x>otatoes.  A  fact 
which  must  be  taken  into  account,  however,  in  considering  the  value  of 
the  sweet  potato  for  starch  manufacture  is  that  there  is  a  considerable 
change  of  starch  into  sugar  in  storage. 

The  Texas  Station  found  that  "  a  sweet  potato  containing  2.77  per 
cent  of  total  sugar  originally,  when  kept  for  a  month  and  a  half, 
increased  its  total  sugar  content  to  11.63  per  cent,  and  in  four  months 
still  further  increased  it  to  13.8  per  cent."  The  extent  of  the  loss  from 
this  source,  of  course,  depends  largely  upon  the  length  and  manner  of 
storage. 

The  qnestioiiA  involving  the  manufacture  of  the  starch  on  a  large  scale  and  the 
fitness  of  the  product  for  sizing  and  other  purposes  can  he  hest  determined  hy  a 
factory  test.  It  is  helieved  that  the  results  already  ohtained  are  sufficiently  promis- 
ing to  Justify  those  who  are  interested  in  this  subject  in  trying  to  have  a  factory 
test  made.     •    *     » 

While  in  communities  near  large  markets  the  sweet  potato  always  brings  a  good 
price,  yet  in  districts  removed  from  market  facilities  it  hardly  pays  to  ship  them, 
and  it  is  in  the  latter  districts  that  starch  factories  could  no  doubt  be  placed  with 
advantage. 

An  important  factor  to  be  taken  into  consideration  in  this  connection 
is  the  character  of  the  refuse  left  after  extracting  the  starch.  Gom 
contains  considerable  amounts  of  protein,  and  when  used  for  the  man- 
ufiEM^ture  of  starch  furnishes  by-products  rich  in  this  constituent,  and 
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therefore  very  valuable  feeding  stuffs.  Gluten  meal  and  feed  are 
examples  of  these  by-products.  Sweet  potatoes,  on  the  other  hand, 
contain  much  less  protein,  and  would  therefore  furnish  a  much  less 
valuable  by-product. 

THE  TOAD  AS  A  FBIEITD  OF  THE  FAEMER. 

Great  and  beneficent  results  are  often  accomplished  through  very 
humble  agencies.  Darwm  has  established  the  claim  of  the  earthworm 
to  the  gratitude  of  the  tiller  of  the  soil,  and  modern  science  is  reveal- 
ing thousands  of  hitherto  unseen  and  unknown  agencies  working  in 
the  interests  of  man.  Science  now  comes  forward  to  establish  what  a 
few  have  long  maintained,  viz,  that  the  ugly  and  despised  toad  is  a 
faithful  and  efficient  servant  of  the  farmer. 

From  the  earliest  times,  as  a  bulletin  of  the  Massachusetts  Hatch 
Station  states,  the  toad  has  been  associated  in  the  popular  mind  with 
a  host  of  ^^  vague  and  ludicrous  fancies  as  to  its  venomous  qualities,  its 
medicinal  virtues,  or,  most  commonly,  the  hidden  toadstone  of  priceless 
value."  To  these  venerable  creations  of  the  imagination  have  been 
added  others  equally  absurd,  such  as  *'that  touching  toads  will  produce 
warts  on  the  hands ;  that  killing  toads  will  produce  bloody  milk  in  cows ; 
that  a  toad's  breath  will  cause  convulsions  in  children;  that  a  toad  in 
a  newly  dug  well  will  insure  a  good  and  unfailing  supply  of  water,  or 
in  a  new-made  cellar  will  bring  prosperity  to  the  household,  etc." 
This  station  has  made  an  investigation  of  the  habits,  food,  and  eco- 
nomic value  of  the  American  toad  which  dispels  these  fallacious  ideas, 
and  at  the  same  time  establishes  the  claim  of  the  little  animal  to  our 
consideration  and  appreciation. 

In  New  England  the  toad  usuaUy  emerges  from  its  hibernating  quarters  during 
the  month  of  April.  Cold  weather  retards  its  movements,  but  on  warm  days  at  this 
season  the  toads  may  be  found  on  their  way  to  the  ponds  and  stagnant  pools,  where 
a  little  later  the  characteristic  shrill  cry  may  be  heard  throughout  the  day  and 
evening.  Mating  is  commenced  as  soon  as  the  water  is  reached,  or  even  before,  and 
in  a  few  days  the  long  slimy  ''ropes''  of  eggs  deposited  by  the  female  may  be  found 
in  the  pools.  The  eggs  are  nearly  black  in  color  and  rapidly  increase  in  size.  In 
two  weeks  the  young  tadpoles  aro  clearly  outlined,  and  in  three  or  four  weeks  the 
eggs  hatch.  The  vegetable  detritus  of  the  pond  bottoms  and  the  slime  and  algffi 
attached  to  sticks,  plants,  etc.,  seem  to  be  the  common  food  of  the  tadpole.  Warm 
weather  favors  the  growth  of  the  tadpoles,  and  usually  by  July  1  to  15  the  young 
toads  are  fully  developed,  leave  the  water  and  spread  over  the  fields.  At  this  stage 
they  are  exceedingly  sensitive  to  heat,  and  secrete  themselves  under  leaves,  rubbish, 
stones,  etc.,  during  the  day;  but  let  a  vigorous  shower  descend  and  the  transforma- 
tion is  magical.  The  walks,  roads,  and  gardens  at  once  become  peopled  with  myri- 
ads of  these  thirsty,  leaping  creatures,  and  their  sudden  appearance  has  led  to  the 
popular  belief  that  they  ''rain  down.''  It  is  fortunate  for  them  that  when  young 
they  are  unable  to  endure  solar  heat,  otherwise  large  numbers  would  probably  be 
destroyed  by  the  birds  which  are  active  during  the  day ;  doubtless  many  are  killed 
by  the  predaoeoos  birds  and  mammals  which  prowl  by  night. 
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Many  conflicting  statements  bave  been  made  regarding  tbe  longevity 
of  tbe  toad,  but  "tbere  can  be  but  little  doubt  that  toads  live  to  a  con- 
siderably greater  age  than  is  supposed,  and  we  may  hazard  the  opinion 
that  many  of  them  reach  an  age  of  at  least  10  or  15  years." 

Experiments  have  been  made  which  "show  that  it  is  possible  for  the 
toad  to  exist  for  a  limited  time  without  food,  but  throw  a  shadow  of 
improbability  upon  the  stories  of  those  found  in  rocks,  trees,  etc.'' 

When  suddenly  disturbed  or  roughly  handled  the  toad  ejects  a  colorless  fluid  from 
the  anus  and  a  milky  liquid  from  the  skin.  This  habit  is  probably  the  basis  for  the 
belief  that  the  toad  is  venomous.  The  secretion  of  the  skin  glands  is  harmless  when 
applied  to  the  hands,  but  it  evidently  possesses  acrid  properties,  since  when  toads 
are  bitten  by  dogs  or  cats  the  latter  usually  have  a  copious  flow  of  saliva,  show 
sigus  of  discomfort,  nnd  in  some  ca^es  coming  under  the  observation  of  the  writer 
have  manifested  considerable  distress.  That  this  fluid  is  not  objectionable  to  all 
animals  is  apparent  from  the  fact  that  many  hawks,  owls,  etc.,  include  the  toad  in 
their  bill  of  fare. 

The  toad  sheds  its  skin  four  or  five  times  each  year.  There  is  a  popu- 
lar notion  that  the  toad,  swallows  the  molted  skin,  but  this  was  not 
observed  in  this  study. 

On  the  approach  of  cool  weather,  sometimes  as  early  as  the  1st  of  September,  toads 
begin  to  seek  winter  quarters.  These  they  find  in  cellars,  under  buildings,  rocks, 
leaves,  or  rubbish,  and  in  places  where  tbe  action  of  frost  will  not  be  felt.  Cold 
benumbs* them  but  does  not  kill. 

The  toad  can  not  endure  high  temperatures.  Properly  speaking,  it  is 
a  nocturnal  animal,  aud  ventures  out  during  the  day  only  when  tempted 
by  an  abundance  of  food  in  its  immediate  vicinity  or  when  the  air  is 
full  of  moisture.    It  eats  only  living  and  moving  insects,  centipedes,  etc. 

The  toad's  tongue,  its  only  organ  for  seizing  food,  is  soft,  extensile,  attached  in 
front  but  free  behind,  and  is  covered  with  a  glutinous  substance  which  adheres 
tirmly  to  the  food  seized.  So  rapid  is  the  motion  of  this  weapon  that  a  careful 
watch  is  necessary  in  order  to  see  the  animal  feed.     ♦     *     • 

At  night,  soon  after  sundown,  or  even  before  on  cool  evenings,  the  toad  emerges 
from  its  shelter  and  Hlowly  hops  about  in  search  of  food.  Something  of  a  regular 
beat  is  covered  by  these  animals,  whose  sense  of  locality  is  quite  strong.  In  the 
country  this  includes  forays  along  roadsides,  into  gardens  and  cultivated  fields,  nnd 
wherever  insect  food  is  abundant  and  grass  or  other  thick  herbage  does  not  prevent 
locomotion.  In  cities  and  suburban  villages  the  lawns,  walks,  and  particularly  the 
spots  beneath  electric  lamps,  are  favorite  hunting  grounds. 

The  toad  as  a  rule  feeds  continuously  throughout  the  night,  consum- 
ing in  twenty-four  hours  an  amount  of  food  equal  in  bulk  to  about  four 
times  the  stomach  capacity. 

A  careful  examination  of  the  contents  of  the  stomachs  of  a  large 
number  of  toads  showed  that  98  per  cent  of  its  food  was  animal  matter — 
worms,  insects,  etc.  "Eleven  per  cent  of  the  toad's  food  is  composed 
of  insects  and  spiders  beneficial  or  indirectly  helpful  to  man;  80  per 
cent  of  insects  and  other  animals  directly  injurious  to  cultivated  crops 
or  in  other  ways  obnoxious  to  man."    It  is  estimated  that  a  single  toad 
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destroys  in  a  year  insects  which,  if  they  had  lived,  might  have  damaged 
crops  to  the  extent  of  aboat  $20. 

To  all  agrioalt arista  the  toad  renders  conspicuous  service,  but  gardeners  and 
greenhouse  owners  may  make  this  animal  of  especial  value.  Every  gardener  should 
aim  to  keep  a  colony  of  toads  among  his  growing  crops  and  the  practice  of  collect- 
ing and  transferring  them  to  the  gardens  is  a  commendable  one.  While  the  sense 
of  locality  is  strong  in  this  batrachian  and  it  will  often  return  over  considerable 
distances  to  its  original  haunts,  yet  it  may  be  induced  to  remain  in  new  quarters  if 
there  is  a  sufficient  food  supply.     «     *    • 

The  crow  and  various  species  of  hawks  and  owls  are  the  chief  natural  enemies  of 
the  toady  but  as  a  common  enemy  of  the  toad  the  ubiquitous  small  boy  plays  a  promi- 
nent part.  Seventeen  t'Oads  dead  and  more  or  less  mutilated  were  once  observed  at 
Maiden,  Mass.,  lying  on  the  shores  of  a  small  pool.  This  was  the  result  of  a  couple 
of  hours'  amusement  on  the  part  of  two  juveniles. 

This  is  not  an  extreme  case.  Such  cruel  and  senseless  persecution  is  only  of  too 
common  occurrence.  The  loud  cry  of  the  toad  at  spawning  time  readily  betrays  its 
presence,  and  small  boys,  and  sometimes  those  of  larger  growth,  gravitate  toward 
the  pools  as  naturally  as  do  the  toads  themselves.  There  have  been  excellent  laws 
enacted  to  protect  our  insectivorous  birds.  Why  should  there  not  be  as  stringent 
legislation  against  the  destruction  of  toads  f  If  merit  of  service  rendered  to  man  be 
the  standard  by  which  legislation  is  determined,  the  toad  presents  a  record  which 
will  compare  favorably  with  that  of  any  insectivorous  bird.  Public  sentiment  in  a 
matter  like  this,  however,  exerts  a  stronger  influence  than  legislation,  and  when  the 
services  of  this  animal  are  appreciated  and  the  toad  receives  in  our  public  schools 
recognition  similar  to  that  given  to  the'birds,  then  we  may  expect  to  see  a  lessening 
of  the  wanton  destruction  of  this  humble  servant  of  man. 
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EXPLANATION  OF  TERMS. 


TERMS  USED  IN  DISCUSSINa  FERTILIZERS. 

Complete  fertiliser  is  one  which  oontaiDS  the  three  essential  fertilizing  constitn- 
entSy  i.  e.,  nitrogen,  phosphoric  acid,  and  potash. 

Nitrogen  exists  in  fertilizers  in  three  distinct  forms,  viz,  as  organic  matter,  as 
ammonia,  and  as  nitrates.    It  is  the  most  expensive  fertilizing  ingredient. 

Organic  nitrogen  is  nitrogen  in  combination  with  other  e^ments  either  as  vege- 
table or  animal  matter.  The  more  valuable  sonrces  are  dried  blood,  dried  meat, 
tankage,  dried  fish,  and  cotton-seed  meal. 

Ammonia  is  a  compound  of  nitrogen  more  readily  available  to  plants  than  orgunio 
nitrogen.  The  most  common  form  is  sulphate  of  ammonia,  or  ammonium  sulphate. 
It  is  one  of  the  iirst  products  that  results  from  the  decay  of  vegetable  or  animal 
substances. 

Nitrates  fnmish  the  most  readily  available  forms  of  nitrogen.  The  most  commou 
are  nitrate  of  soda  and  nitrate  of  potash  (saltpeter). 

Phosphoric  acid,  one  of  the  essential  fertilizing  ingredients,  is  derived, from 
materials  called  phosphates.  It  does  not  exist  alone,  but  in  combination,  most  com- 
monly as  phosphate  of  lime  in  the  form  of  bones,  rock  phosphate,  and  phosphfltio 
sing.  Phosphoric  acid  occurs  in  fertilizers  in  three  forms — soluble,  reverted,  and 
insoluble  phosphoric  acid. 

Potash,  as  a  constituent  of  fertilizers,  exists  in  a  number  of  forms,  but  chiefly  as 
chlorid  or  muriate  and  as  sulphate.  All  forms  are  freely  soluble  in  water  and  are 
believed  to  be  nearly,  if  not  quite,  equally  available,  but  it  has  beer,  found  that  the 
(hlorids  may  injuriously  affect  the  quality  of  tobacco,  potatoes,  and  certain  other 
crops.  The  chief  sources  of  potash  are  the  potash  salts  from  Stassfnrt,  Germany — 
kainit,  sylvinit,  muriate  of  potash,  sulphate  of  soda,  and  sulphate  of  potash  and 
magnesia.    Wood  ashes  and  cotton-hull  ashes  are  also  sources  of  potash. 

TERMS  USED  IN  DISCUSSINQ  FOODS  AND  FEEDINQ  STUFFS. 

"Water  is  contained  in  all  foods  and  feeding  stuff's  The  amount  varies  from  8  to 
15  pounds  per  100  pounds  of  such  dry  materials  as  hay,  straw,  or  grain  to  80  pounds 
in  silage  and  90  pounds  in  some  roots. 

Dry  matter  is  the  portion  remaining  after  removing  or  excluding  the  water. 

Ash  is  what  is  left  when  the  combustible  part  of  a  feeding  stun  is  burned  away. 
It  consists  chiefly  of  lime,  magnesia,  potash,  soda,  iron,  chlorin,  and  carbonic,  sul- 
phuric, and  phosphoric  acids,  and  is  used  largely  in  making  bones.  Part  of  the  ash 
constituents  of  tne  food  is  stored  up  in  the  animal's  body;  the  rest  is  voided  in  the 
urine  and  manure. 

Protein  (nitrogenous  matter)  is  the  name  of  a  group  of  substances  containing 
nitrogen,  rrotein  furnishes  the  materials  for  the  lean  flesh,  blood,  skin,  muscles, 
tendons,  nerves,  hair,  horns,  wool,  casein  of  milk,  albumen  of  cgght  etc.,  and  is  one 
of  the  most  important  constituents  of  feeding  stuff's. 

Qluten  is  the  name  given  to  one  of  the  most  important  of  the  nitrogenous  sub- 
stances classed  together  under  the  general  term  "  protein. '^  **  Wheat  gum/'  obtained 
by  carefully  chewing  wheat,  is  a  familiar  example.  It  is  the  gluten  of  flour  that 
gives  consistency  to  dough. 

Carbohydrates. — The  nitrogen-free  extract  and  fiber  are  often  classed  together 
under  the  name  of  carbohydrates.  The  carbohydrates  form  the  largest  part  of  all 
vegetable  foods.  They  are  either  stored  up  as  fat  or  burned  in  the  body  to  produce 
heat  and  energy.  The  most  common  and  important  carbohydrates  are  sugar  and 
starch. 

Fiber,  sometimes  called  crude  cellulose,  is  the  framework  of  plants,  and  is,  as  a 
rule,  the  most  indigestible  constituent  of  feeding  stutfs.  The  coarse  fodders,  such 
as  hay  and  straw,  contain  a  much  larger  proportion  of  fiber  than  the  grains,  oil 
cakes,  etc. 
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Nitrogen-free  extract  inclades  starch,  sagar,  gums,  and  the  like,  and  forms  an 
important  part  of  all  feeding  stuffs,  hut  especially  of  most  grains. 

Fat,  or  tue  materials  dissolved  from  a  feeding  stuff  by  other,  is  a  substance  of 
mixed  character,  and  may  include,  besides  real  fats,  wax,  the  green  coloring  matter 
of  plants,  etc.  The  fat  of  food  is  either  stored  up  in  the  body  as  fat  or  bnmed  to 
furnish  heat  and  energy. 

MISCELLANEOUS  TERMS. 

Al*ga^^  soils. — Soils  found  in  arid  or  semiarid  regions,  which  contain  an  unusual 
amount  of  soluble  mineral  salts  (alkali),  which  emoresce  or  bloom  out  in  the  form 
of  a  white  powder  or  crust  in  dry  weather  following  rains  or  irrigation.  Two  dis- 
tinct classes  of  alkali  are  known:  white  alkali,  composed  largely  of  sulphate  of 
soda  and  common  salt,  which  is  comparatively  harmless;  and  black  alkali,  com- 
posed largely  of  carbonate  of  soda,  which  is  highly  corrosive  and  destructive  to 
vegetation. 

Humus  is  the  name  applied  to  the  partially  decomposed  organic  (animal  and  vege- 
table) matter  of  the  soil.     It  is  the  principal  source  of  nitrogen  in  the  soil. 

Leguminous  plant  is  a  plant  of  the  botanical  order  Legaminoste,  the  principal 
representatives  of  which  are  clover,  peas,  beans,  etc. 

Specific  gravity  of  solid  substances  is  the  ratio  of  tho  weight  of  a  given  bulk 
of  the  body  to  that  of  an  e<iual  bulk  of  water  |  or,  stated  in  another  way,  the  ratio 
of  the  weight  of  the  substance  in  air  to  its  weight  in  water. 

Pepsin. — A  substance  (ferment)  found  in  the  juices  of  the  stomach,  which  aids  in 
the  digestion  of  food.  It  is  prepared  in  a  comparatively  pure  state  on  a  commercial 
scale  from  the  lining  membrane  of  pigs^  stomachs. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Depaetmbnt  of  Agricultube, 

Division  op  Soils, 
Washington,  D.  C,  January  4, 1899. 
Sir:  The  interest  taken  in  the  alkali  work  of  this  division  in  Mon- 
tana during  the  summer  of  1898  has  been  so  widespread,  and  there 
have  beeu  so  many  requests  for  copies  of  a  technical  bulletin  upon  the 
subject,  which  is  just  about  to  be  issued,  that  it  has  been  thought 
proper  to  present  the  matter  in  a  rather  more  popular  style,  leaving 
out  some  of  the  technical  descriptions  and  the  expensive  illustrations, 
in  order  that  it  may  have  very  wide  circulation.    This  material,  while 
almost  entirely  rewritten,  is  essentially  the  same  as  that  contained  in 
Bulletin  No.  14  of  this  division. 
1  recommend  that  this  be  published  as  a  Farmers'  Bulletin. 
Eespectfully, 

Milton  Whitney, 

Chief  of  Division. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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A^LK^LI  LA^N^DS. 


nrrEODucTiov. 

Alkali  and  the  treatment  of  alkali  soils  are  subjects  which  are 
attracting  very  great  attention  at  the  present  time,  as  alkali  has 
already  injured  or  is  a  serious  menace  to  large  areas  of  land.  It  is 
encountered  in  all  arid  districts  the  world  over.  It  is  always  a  source 
of  uneasiness  in  such  sections,  for  if  the  alkali  is  not  apparent  when 
the  lands  are  first  irrigated  it  is  liable  to  appear  after  a  few  years  as  a 
result  of  the  present  system  of  irrigation.  The  uncertainty  itself,  and 
the  serious  nature  of  the  trouble,  calls  for  most  energetic  measures  for 
the  prevention  of  injury  and  the  reclamation  of  ruined  lands.  Lands 
which  a  few  years  ago  showed  no  signs  of  alkali,  but,  on  the  contrary, 
were  extremely  fertile,  and  upon  which  large  amounts  of  money  have 
been  expended  in  farm  improvements,  are  now,  after  ten,  fifteen,  or 
twenty  years,  being  ruined  by  an  accumulation  of  seepage  waters  and 
of  soluble  salts. 

It  is  not  intended  at  this  time  to  undertake  a  general  discussion  of 
the  alkali  problem,  as  it  will  require  many  years  of  constant  work  to 
obtain  an  accurate  knowledge  of  the  conditions  over  the  arid  regions 
of  this  country.  But  the  results  of  some  investigations  carried  on 
during  the  summer  of  1898  in  the  Yellowstone  Valley  are  so  imi>ortant 
and  of  such  widespread  practical  application  and  value  that  they  are 
published  in  this  form  to  help  stimulate  an  interest  in  the  subject,  and 
to  show,  under  certain  conditions  at  any  rate,  that  the  means  for  the 
prevention  of  the  rise  of  alkali  and  for  the  reclamation  of  alkali  lands 
are  well  within  the  power  of  the  farmer. 

In  taking  up  the  study  of  the  alkali  problem  the  division  was^  for- 
tunate in  selecting  the  Yellowstone  Valley,  where  the  conditions  are  as 
simple  as  can  be  found  anywhere.  There  are  many  other  areas  in  this 
country  where  the  conditions  are  quite  as  simple,  and  where  the  matter 
can  be  brought  under  just  such  control  as  there,  while  there  are  much 
more  difficult  problems  in  other  sections,  due  to  location  and  topogra- 
phy of  land,  to  the  small  available  water  resources,  to  the  texture  of 
the  soil,  and  to  the  kind  and  distribution  of  the  alkali 
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THE  GOHDinOVS  IS  THE  TELLOWSTOVE  VALLET. 

The  inveatigatiofas  were  carried  on  near  Billings,  Mont.  At  this 
place  the  Yellowstone  Valley  is  from  6  to  10  miles  wide.  The  valley  is 
about  400  miles  long  in  Montana,  and  irrigation  is  spreading  from  a 
number  of  centers  within  this  area. 

Irrigation  has  been  practiced  at  Billings  for  the  past  twelve  or 
fifteen  years.  The  water  for  the  main  irrigation  canal,  supplying  the 
valley  at  this  place,  is  taken  out  of  the  Yellowstone  River  nearly  40 
miles  above  the  town  of  Billings.  When  the  country  was  first  settled 
(and,  indeed,  at  the  present  time,  in  the  area  above  the  ditch)  the  depth 
to  standing  water  in  the  wells  was  from  20  to  50  feet,  and  there  were  no 
signs  of  alkali  on  the  surface  of  the  ground.  Under  the  common  prac- 
tice of  irrigation,  however,  an  excessive  amount  of  water  has  been 
applied  to  the  land,  and  seepage  waters  have  accumulated  in  the  soil 
to  such  an  extent  that  water  is  now  commonly  found  in  wells  through- 
out the  irrigated  district  at  a  depth  of  from  3  to  10  feet  from  the  sur- 
face. Many  large  tracts  of  once  fertile  lands  on  the  lower  levels  are 
already  flooded,  and  alkali  has  accumulated  on  them  to  such  an  extent 
that  they  are  mere  bogs,  swamps,  or  alkali  flats.  This  injury,  while 
not  very  widespread  as  yet,  has  been  so  serious  where  the  results 
have  appeared,  and  the  future  is  so  uncertain  that  the  owners  of  the 
land  are  naturally  very  much  concerned.  This  is  but  too  common  a 
history  of  many  large  and  fertile  areas  in  Utah,  in  southern  California, 
in  Colorado,  and,  in  fact,  in  nearly  all  of  the  older  irrigated  districts. 

The  valley  at  Billings  is  bounded  on  the  north  side  by  a  sandy  bluflf 
of  gray  siliceous  stone  rising  abruptly  to  a  height  of  from  200  to  500 
feet  above  the  general  level  of  the  valley.  On  the  south  side  there  are 
steep,  ragged  hills  of  blue  slate  or  shale.  This  shale  dips  down  and 
passes  under  the  sandstone  blufi's  about  on  a  level  with  the  present 
surface  of  the  valley.  The  valley  lands  have  been  formed  by  the  dis- 
integration of  both  the  sandstone  and  shale.  In  places  the  sandstone 
has  been  entirely  worn  away,  leaving  the  soil  formed  from  the  disinte- 
gration of  the  shale  exposed  in  places  throughout  the  valley.  This  soil 
is  stiff  gumbo.  The  shale  is  very  deep,  borings  for  an  artesian  well 
having  been  made  to  a  depth  of  900  feet,  and  through  the  whole  depth 
this  shale  has  been  found.  In  other  parts  of  the  valley  the  sandstone 
has  not  been  so  completely  removed,  and  there  are  large  areas  of  sandy 
or  loam  soils  with  the  gumbo  subsoil  at  a  considerable  depth  below  the 
surface.  These  areas  are  recognized  as  sandy  soils,  while  the  others 
are  classed  as  gumbo.  There  are  mixtures,  of  course,  grading  from  one 
to  the  other,  and  these  mixed  soils  are  the  most  abundant  in  the  valley. 

Both  the  sandstone  and  the  shale  rocks  contain  large  quantities  of  solu- 
ble salts,  which  are  seen  as  shining  crystals  throughout  the  mass.  The 
shale,  however,  contains  very  much  more  than  the  sandstone. 

As  the  rocks  have  disintegrated  through  the  influence  of  the  weather 
the  minerals  have  been  broken  down  into  simple  mineral  salts  that  have 
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remained  as  soluble  salts  in  the  soil.  The  reason  for  this  accamolation 
is  the  small  annual  rainfall  occurring  in  the  arid  regions.  It  is  so  little 
and  the  drainage  is  so  slight  that  the  salts  accumulating  from  the  dis- 
integration of  the  rocks  are  not  carried  off  into  the  ocean,  as  is  the  case 
in  the  soils  of  the  humid  regions.  In  the  Eastern  States,  with  an 
annual  rainfall  of  40  inches,  nearly  half  of  this  leaches  down  through 
the  subsoil  and  eventually  finds  its  way  through  the  streams  and  rivers 
into  the  ocean.  This  carries  with  it  the  greater  portion  of  the  soluble 
salts,  as  they  are  set  free  in  the  disintegration  of  the  rocks.  With  less 
than  10  Inches  of  rainfall,  as  occurring  in  the  arid  portion  of  the  United 
States,  the  drainage  is  extremely  small,  and  there  is  no  natural  means 
pi^ovided,  therefore,  for  removing  the  salts  as  they  are  formed.  This 
accumulation  explains  at  once  the  wonderful  fertility  of  the  lands  gen- 
erally in  the  arid  regions  the  world  over,  but  it  is  also  a  constant  men- 
ace because  of  the  large  amount  of  soluble  salts  which  is  liable  to 
accumulate  lo^^ally  as  the  result  of  irrigation  or  as  a  result  of  other 
natural  conditions  not  well  understood,  until  they  are  a  menace  and 
often  a  destructive  agency  for  the  very  lands  which  were  formerly  held 
in  such  esteem. 

In  the  formation  of  the  valley  soils  at  Billings  from  the  decomposi- 
tion of  the  sedimentary  rocks  undoubtedly  part  of  the  soluble  salts 
have  been  removed.  Furthermore,  as  the  drainage  through  the  sandy 
soils  is  much  freer  than  through  the  gumbo,  and  as  there  is  less  salt  to 
start  with  in  the  sandstone  rock  than  in  the  shale,  it  is  natural  to  suppose 
that  there  is  less  of  the  soluble  salts  in  the  sandy  soils  of  the  valley  at 
the  present  time  than  in  the  gumbo  soils,  and  this  is  a  fact  proved  by 
the  investigations. 

The  alkali  soils  of  the  West  are  of  two  principal  classes :  The  alka- 
line carbonates  or  black  alkali  (usually  sodium  carbonate)  is  the  worst 
form,  actually  dissolving  the  organic  materials  of  the  soil  and  corroding 
and  killing  the  germinating  seed  or  roots  of  plants;  the  white  alkalies, 
the  most  common  of  which  are  sodium  sulphate,  sodium  chloride,  mag- 
nesium sulphate,  and  magnesium  chloride,  are  not  in  themselves  poison- 
ous to  plants,  nor  do  they  attack  the  substance  of  the  plant  roots,  but 
are  injurious  when,  owing  to  their  presence  in  excessive  amounts,  they 
prevent  the  plants  from  taking  up  their  needed  food  and  water  supply. 

The  amount  of  soluble  salts  which  plants  can  stand  depends  upon 
the  character  of  the  salt,  the  character  of  the  soil,  and  the  kind  of 
plant.  Hilgard  states  that  few  plants  can  stand  as  much  as  0.1  of  1 
X>er  cent  of  sodium  carbonate,  or  about  3,500  pounds  per  acre  to  a  depth 
of  1  foot;  of  sodium  chloride  plants  can  stand  about  0.25  of  1  per  cent, 
and  of  sodium  sulphate  0.45  to  0.50  of  1  x>er  cent.  Plants  can  stand 
less  salts  in  sandy  lands  than  on  heavy  clay  or  gumbo  lands.  It  is  a 
well-known  fact  that  crops  also  differ  in  their  ability  to  stand  salts,  and 
many  crops  will  grow  well  upon  soils  on  which  others  will  not  live. 
•  Dr.  F.  W.  Traphagen,  of  the  Montana  Experiment  Station,  finds  that 
the  composition  of  the  salt  appears  to  be  quite  uniform  throughout 
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that  portion  of  the  valley  which  was  examined  aroand  Billings.    The 
following  table  gives  the  mean  of  five  analyses  which  he  made: 

Composition  of  the  soluble  salts  at  BilUngs,  Mont. 

Percent. 

Sodium  sulphate 67.44 

MagneBium  sulphate 27.59 

Calcium  sulphate 13.05 

Potash  sulphate 1.55 

Silica 36 

Total 99.99 

The  soluble  salts  at  Billings  are  thus  seen  to  be  mainly  sodium  sul- 
phate and  magnesium  sulphate,  with  none  of  the  destructive  sodium 
carbonate.  There  is  but  a  trace,  likewise,  of  sodium  chloride.  The 
soils  all  abound  with  calcium  sulphate  or  gypsum. 

It  has  been  found  that  the  solid  grains  of  soil  have  the  remarkable 
power  of  absorbing  or  concentrating  a  portion  of  the  salts  on  their  sur- 
face and  thus  withdrawing  them  from  active  solution.  This  is  of  the 
greatest  practical  importance,  as  otherwise  the  soil  moisture  would 
quickly  become  saturated  with  salts  and  rendered  totally  unfit  for  agri- 
cultural plants.  As  a  matter  of  fact,  in  consequence  of  this  condens- 
ing power,  in  no  case  was  the  concentration  of  the  soil  moisture  found 
to  exceed  3  per  cent,  although  the  salts  were  quite  soluble  and  were 
crystallized  out  on  the  surface  of  the  ground. 

The  Investigations  at  Billings  showed  that  when  the  concentration 
of  the  salts  in  active  solution  in  the  soil  moisture  is  as  great  as  1  per 
cent  the  limit  of  most  cultivated  plants  is  reached.  Further  concen- 
tration kills  all  our  ordinary  agricultural  crops.  It  was  found,  further- 
more, that  plants  could  just  exist  with  0.45  of  1  per  cent  of  the  soluble 
salts  present,  equivalent  to  about  15,000  pounds  per  acre-foot,  and  this 
is  taken  as  the  limit  of  plant  production.  The  soluble  salt  content  of 
soils  in  the  humid  portion  of  the  United  States  ranges  from  50  pounds 
per  acre-foot  in  the  sandy  soils  of  the  Atlantic  coast  to  as  much  as  3,000 
or  4,000  pounds  in  some  of  the  heavier  agricultural  soils.  The  average 
amount  would  be  considerably  less  than  1,000  pounds  per  acre- foot. 

THE  EADTFALL  AND  SEEPAGE. 

There  are  no  available  records  of  the  amount  of  rainfall  at  Billings, 
but  at  Miles  City,  about  130  miles  northeast,  the  Weather  Bureau  rec- 
ords show  an  average  annual  rainfall  of  12.8  inches.  From  May  to  Sep- 
tember, inclusive,  there  are  6.7  inches,  and  during  July  and  August 
1.3  inches. 

When  the  rains  occur  in  the  spring  and  wet  the  surface  of  the  ranges, 
vegetation  flourishes  in  the  most  luxuriant  way  and  the  grasses  give 
very  good  grazing.  The  rains,  however,  appear  to  be  only  sufficient  to 
wet  the  surface  to  a  very  slight  depth;  the  water  is  quickly  used  up, 
and  true  desert  conditions  prevail  during  the  summer  time. 

It  appears  that  in  the  dry  season  the  soil  is  moist  from  3  feet  down, 
but  so  slightly  moist  and  the  depth  of  the  dry  material  is  so  great  that 
it  is  altogether  unlikely  that  the  spring  raius  pass  down  to  any  appre- 
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ciable  extent  locally  in  any  one  year.  The  conditions,  therefore,  are 
unfavorable  to  a  natural  leaching  of  these  soluble  salts,  except  through 
the  exceedingly  slow  movement  there  may  be  in  the  slightly  moist 
subsoil. 

HOW  THE  SALT  DBTE&MIHATIOVS  AEE  MADE. 

In  the  investigations  of  the  conditions  at  Billings  samples  were  taken 
with  a  long  extension  auger,  and  salt  determinations  were  made  for 
every  foot  in  depth  down  to  a  depth,  often,  of  10  or  15  feet.  The  salt 
was  determined  by  the  electrical  method,  which  has  been  described  in 
previous  bulletins  of  this  division.  The  instruments  used  in  this 
method  are  exceedingly  sensitive,  and  determinations  made  by  tbem 
are  so  very  rapid  that  a  large  number  of  samples  may  be  examined  in 
the  field.  Examinations  were  made  in  the  different  types  of  soil,  that 
is,  in  the  sandy  lands,  in  the  stifif  gumbo  soils,  and  in  the  various  inter- 
mediate grades  that  were  found.  Then  several  lines  of  borings  were 
made  above  and  below  the  irrigating  canal  and  from  the  alkali  flats 
back  to  the  good  lands  in  order  to  get  an  idea  of  the  relation  of  the 
texture  of  the  soil  and  the  position  of  the  irrigating  canal  to  the  alkali 
problem.  Finally  a  very  detailed  examination  was  made  of  a  section 
of  land  containing  an  alkali  flat,  and  maps  were  constructed  showing 
the  distribution  of  the  seepage  waters  and  soluble  salts  at  various 
levels  under  the  surface  of  the  ground.  The  value  of  such  underground 
maps  can  hardly  be  overestimated.  It  is  seen  just  where  the  seepage 
waters  and  the  soluble  salts  are  accumulating,  from  which  direction 
they  are  coming,  and  just  how  drainage  systems  should  be  introduced 
to  remove  the  trouble.  They  show  which  areas  are  safe  for  a  number 
of  years,  those  which  will  need  careful  attention  to  prevent  the  accu- 
mulation of  salts,  and  those  which  need  energetic  measures  for  the 
reclamation  of  lands  already  damaged. 

THE  KIHDS  OF  SOILS  IS  THE  VALLET. 


The  following  table  gives  the  mechanical  analyses  of  a  number  of  soils 
firom  Billings  which  indicate  the  difference  in  the  texture  of  the  soils 
which  has  been  noticed. 

Mechanical  analyses  ofeoils. 


Ko. 


87M 

88» 

880d 
8308 
8307 
3306 
3769 


LocaUty. 

(MilM  ftvm 

BiUlngt.) 


3|K.. 

11 W.. 

54W.. 
5jw.. 
5lw.. 
3W... 
6W... 


Desoription. 


Sandstone    bluff 

8oU. 
Silty  type,  creek 

soil. 
Sandy  gumbo — 

do 

....do 

Onmbo    ..  

Heavy  gumbo 


5  • 


^1" 


P.et 
1.22 

2.98 

1.56 
1.94 
2,36 
3.20 
3.74 


P.et 
2.66 

4.40 

4.66 
3.30 
3.72 
8.30 
4.22 


P.eL 
0.00 

0.00 

0.00 
0.00 
0.00 
0.01 
0.04 


as 

1= 


p.et. 
0.00 

0.00 

0.00 
0.10 
0.02 
0.40 
0.03 


1^ 

Pet. 
0.17 

0.16 

0.20 
0.46 
0.82 
1.58 
0.19 


23 


p.et.   P. 
29.39  52. 

I 


P.et. 
3.29 


7.96  28.79  34.45 

11.72'  45.05,  14.69 
15.61|  39.59;  14.63 


21.37'  38. 
20.40,  27. 
11.65,  24. 


271  8.99 
67,  11.71 
03,  15.13 


is 


P.et 

0.68 


ii 

6" 


9.65 


17.25 


4.67 

3.49  19.90 
8.88  21.30 
8.13  22.55 
4.02  27.30 
4.40i  35.56 


Digitized  by  VjOOQ IC 


10 

The  first  sample  is  a  very  pare  type  of  sandstone  soil  taken  from  the 
top  of  the  bluff  about  2^  miles  north  of  Billings  and  was  derived  from 
the  decomposition  of  the  soft  layers  of  fine  sandstone  which  cap  the 
blnfis.  These  soils  are  very  light  and  loose  and  have  very  free  under- 
drainage.  As  a  matter  of  fact  they  leach  readily  and,  although  they 
afford  the  best  possible  conditions  for  irrigation  in  that  seepage  waters 
are  not  likely  to  accumulate  in  them,  it  is  probable  that  they  would  not 
last  very  long,  as  the  soluble  salts  would  easily  and  quickly  be  removed 
from  them.  Soils  of  this  type  are  found  in  many  parts  of  the  valley, 
and  there  is  little  or  no  danger  from  seepage  waters  or  from  an  accumu- 
lation of  soluble  salts  at  the  surface,  although  they  contain  consider- 
able quantities  of  such  salts  at  depths  below  the  surface. 

The  other  samples  in  the  table  are  seen  to  grade  up  through  the 
mixed  sandy  gumbo  to  the  pure  form  of  gumbo  with  from  27  to  35  per 
cent  of  clay.    The  mixed  soils  are  the  most  abundant  in  the  valley. 

SALT  CONTENT  OF  THE  SOIL. 

Salt  determinations  made  in  the  sandy  type  of  soil  above  the  ditch, 
where  irrigation  had  never  been  practiced,  and  below  the  ditch,  where 
irrigation  had  been  carried  on  for  ten  or  twelve  years,  showed  that 
there  was  no  excessive  accumulation  of  soluble  salts,  but,  on  the  con- 
trary, that  irrigation  had  really  leached  part  of  the  salts  out  of  the 
soil. 

The  following  table  gives  the  results  of  the  salt  determinations  in  a 
number  of  places  in  the  sandy  soil  both  above  and  below  the  ditch: 


Soluble  Bali  content 

in  $andy 

land. 

Unirrigated. 

Irrigated. 

Depth 

Boring  62. 

Boring  64. 

Boring  26. 

Boring  27. 

Boring  28. 

(feet). 

Per 

cent  of 

salt. 

Poands 
per  acre- 
foot. 

Per 

cent  of 

salt. 

Poands 
per  acre- 
foot. 

Per 

cent  of 

salt.  • 

Pounds 
per  acre- 
foot. 

Per 

cent  of 

salt. 

Poands 
per  acre- 
foot. 

Per 

cent  of 

salt. 

Pounds 
per  acre- 
foot. 

0-  1 

1-  2 
2-3 
3-4 
4-  5 
5^6 
6-7 
7-  8 
8-9 
9-10 

10-11 
11-12 
12-13 
13-14 
14-15 

0.033 
.019 
.045 
.027 
.032 
.028 
.019 

1,165 
665 

1,575 
945 

1,120 
980 
665 

0.042 
.041 
.035 
.038 
.045 
.055 
.056 
.170 
.238 
.243 
.205 
.120 
.163 
.228 
.178 

1,470 
1,435 
1,225 
1,330 
1,575 
1,925 
1.960 
5,950 
8,330 
8,505 
7.175 
4,200 
5,705 
7,980 
6,230 

0.046 
.049 
.052 
.066 
.097 
.106 
.128 
.147 
.112 
.112 
.056 
.056 
.058 
.058 
.068 

1,610 
1.715 
1,820 
2.310 
3,395 
3,710 
4,480 
5,145 
3,920 
3,920 
1,960 
1,960 
2.030 
2.030 
2,030 

0.038 
.046 
.044 
.051 
.060 
.051 
.064 
.070 
.049 
.049 
.072 
.072 
.072 
.072 
.072 

1,330 
1,575 
1,540 
1,785 
2.100 
1,785 
2,240 
2,450 
1,716 
1,715 
2,520 
2,520 
2,520 
2.520 
2.520 

0.033 
.037 
.028 
.030 
.048 
.048 
.048 
.047 
.047 
.047 
.044 
.044 
.044 
.044 

1,166 

1,295 
980 
1,050 
1,680 
1,680 
1.680 
1,645 
1,646 
1,645 
1,540 
1,640 
1,540 
1.640 

The  limit  of  excess  of  alkali  in  soils  at  Billings,  as  already  stated,  was 
found  to  be  about  0.45  of  1  per  cent.  This  is  equivalent  to  about  15,000 
pounds  per  acre  1  foot  deep.  It  will  be  seen  from  the  table  that  there 
is  not  sufficient  soluble  matter  to  a  depth  of  15  feet  in  this  sandy  soil 
to  prevent  the  growth  of  agricultural  plants.  It  is  interesting  to  note 
that  the  amount  of  soluble  salt  in  the  upper  7  feet  of  the  unirrigated 
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soil  is  particularly  small;  there  is  50  per  cent  more,  perhaps,  than  is 
ordinarily  found  in  the  soils  of  the  hnmid  region.  Below  a  depth  of  7 
feet,  however,  the  amount  of  salt  is  considerably  increased.  It  would 
appear  that  there  were  evidences  here  of  a  slow  downward  movement  of* 
soil  moisture,  and  that  under  these  constant  conditions  of  slow  seepage 
the  amount  of  salt  in  the  upper  layers  of  the  soil  was  constantly  diminish- 
ing. No  examinations  could  readily  be  made  of  the  soil  below  a  depth 
of  15  feet,  as  this  was  the  extreme  length  of  the  auger,  but  from  infor- 
mation furnished  by  some  well-diggers  thoroughly  familiar  with  the 
locality  it  was  learned  that  the  soluble  salt  content  in  wells  above  the 
canal  increases  below  this  to  very  large  proportions.  White  layers, 
strongly  impregnated  with  salts,  are  said  to  be  found  below  this  depth. 
The  water  from  the  wells  contains  too  much  of  the  salts  to  be  of  use  for 
domestic  purposes,  although  it  is  not  so  strong  as  to  be  harmful  to 
cattle. 

It  is  quite  reasonable  to  suppose  that  the  soluble  salts  had  originally 
been  uniformly  distributed  throughout  the  upper  layers  of  these  soils 
and  that  from  storm  waters  and  the  slow  seepage  of  the  slight  amount 
of  moisture  which  the  subsoil  contains  the  soluble  material  had  been 
washed  down  from  the  upper  layers.  Certain  it  is  that  similar  results 
*  follow  from  the  first  effect  of  irrigation  where  there  is  good  underdrain- 
age,  as  generally  prevails  in  this  sandy  soil.  In  the  irrigated  sandy 
land  the  amount  of  soluble  matter,  even  to  a  depth  of  15  feet,  is  com- 
paratively small  and  the  amount  throughout  the  whole  depth  is  quite 
uniform.  This  indicates  very  strongly  that  the  salts  have  been  leached 
out  of  the  soil  and  carried  off  in  the  underground  drainage  waters.  The 
examination  of  the  water  in  a  well  situated  in  this  irrigated  area  of  the 
sandy  land  gives  additional  proof  that  some  of  the  salts  have  been 
removed.  There  is  a  well  at  the  southwest  corner  of  sec.  2,  T.  1  S., 
K.  26  E.,  near  boring  44,  in  which  the  water  contains  0.119  of  1  per  cent 
of  soluble  matter,  or  60  grains  per  gallon.  Other  wells  throughout  the 
irrigated  area  frequently  contain  as  much  as  0.4  of  1  i)er  cent  of  salts. 

The  heavier  type  of  soil — that  is,  the  gumbo  soil — was  shown  to  be 
derived  from  the  disintegration  of  the  shale.  The  still  uudecomposed 
shale  in  the  bluffs  on  the  south  side  of  the  valley  was  found  to  be  pene- 
trated in  every  direction  with  veins  of  gypsum  and  the  soft  shale  itself 
to  be  permeated  with  large  quantities  of  sodium  and  magnesium  sul- 
phates. The  soils  resulting  from  the  disintegration  of  the  shale  form  a 
heavy,  sticky,  blue  clay,  quite  impervious  to  water.  The  drainage  is 
so  slow  through  this  fine,  impervious  material  that  large  quantities  of 
the  salts  remain  in  the  soil. 

On  account  of  the  poor  drainage  and  the  slow  movement  of  the  sub- 
soil waters  through  this  material  there  is  great  danger  of  overirrigation, 
and  the  problem  of  irrigation,  which  is  easy  on  the  well-drained,  sandy 
lands,  becomes  far  more  complicated  and  much  more  difi^cult  to  manage 
on  these  heavy  gumbo  soils.  Great  care  has  to  be  taken  not  only  in 
the  application  of  water,  but  in  the  actual  cultivation  of  these  soils,  as 
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they  are  liable  to  be  ruined,  for  a  time  at  least,  for  alfalfa.  On  account 
of  the  large  water  content,  the  fineness  of  the  particles,  and  the  amount 
of  salts  these  soils  contain  they  easily  puddle  and  get  still  more  imper- 
vious to  water,  and  if  they  are  worked  when  too  wet  clods  form,  and  it 
is  very  difficult  to  reduce  the  field  again  to  a  good  tilth. 

On  account  of  these  properties  the  heavier  or  gumbo  soils  have  to  be 
farmed  with  very  great  care.  Not  only  so,  but  there  is  great  danger 
from  seepage  waters  from  neighboring  plantations  on  higher  levels. 
The  soils  themselves  are  naturally  extremely  fertile  and  very  strong, 
and  last  very  well  if  properly  cared  for.  The  following  table  gives  the 
results  of  salt  determinations  in  typical  gumbo  soil  above  the  ditch, 
which  has  never  been  irrigated : 

Salt  content  of  a  heavy  unirrigated  gufAbo  soil. 


Depth 

Percent 

Pounds 

(feet). 

of  salt. 

per 
acre-foot. 

0-1 

0.035 

1,225 

1-2 

.038 

1,380 

2-3 

.054 

1,890 

3-4 

.200 

7,000 

4-6 

.888 

11,655 

5-6 

.337 

11,795 

6-7 

.253 

8.855 

7-8 

.253 

8,855 

8-« 

.282 

9,870 

It  is  apparent  from  the  table  that  there  is  a  considerable  quantity  of 
salt  at  a  depth  of  5  feet,  and  from  there  down.  This  boring,  with  others, 
is  illustrated  graphically  in  fig.  1. 

When  water  is  appli^  to  the  gumbo  soil  in  the  practice  of  irrigation, 
the  first  effect,  as  in  the  case  of  sandy  land,  is  to  reduce  the  amount  of 
soluble  salts  in  the  upper  layers  of  the  soil.  If  there  is  good  drainage, 
this  excess  of  salt  may  be  removed  altogether  from  the  soil.  If  the 
drainage  through  the  gumbo  is  slow  and  inefficient,  or,  in  the  case  of 
the  sandy  land,  when  underlaid  with  a  compact  gumbo  subsoil  where 
the  drainage  is  poor,  then,  in  the  case  of  overirrigation,  seepage  waters 
will  collect,  owing  to  the  inability  of  the  soil  to  remove  the  water  as 
fast  as  the  excessive  quantities  are  applied. 

The  following  table  gives  the  salt  content  from  several  places  in  one 
of  the  alkali  fiats  so  formed: 

Salt  determinations  in  an  alkali  flat. 


Depth 
(feet). 

Boring  36. 

Boring  49. 

Boring  52. 

Per  cent 
of  salt. 

Pounds 
per  acre- 
foot. 

Per  cent  !^?^,?« 

of  salt.  p«;r^t 

Percent   ZV'^L 

0-1 
1-2 
2-3 
3-4 
4-5 
6-6 
6-7 
7-8 
8-9 

0.757 
.714 
.634 
.612 
.689 
.187 

24,710 
34.570 
21,105 
21,035 
20,965 
6,650 

0.792 
.920 
.044 
.792 
.519 
.519 
.357 
.357 
.292 

27,720 
32,200 
33,040 
27,720 
18, 165 
18,165 
12. 495 
12.495 
10.220 

0.229 
.191 
.182 
.175 
.159 
.213 

8.015 
6,685 
6,370 
6,125 
5,565 
7,456 
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It  will  be  seen  that  in  boring  36  the  salt  has  aocamulated  to  enor- 
mous proportions  in  the  top  5  feet  of  the  soil.  The  conditions  show 
that  the  solution  is  so  strong  that  a  white  crust  is  formed  over  the 
surface.  However^  on  account  of  the  absorptive  powers  of  the  soil, 
the  solution  immediately  under  this  crust  and  in  contact  with  the  soil 
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FiQ.  1.— The  salt  oontent  of  sandy  land  and  gumbo,  with  and  without  irrigation. 

was  only  3  per  cent,  notwithstanding  the  fact  that  the  salt  ordinarily  is 
very  soluble  in  water.  This  strength  solution,  however,  is  entirely  too 
strong  for  any  cultivated  crop,  and  the  alkali  flat  presented  a  very 
desolate  api)earance. 

In  boring  49,  which  was  in  the  midst  of  the  alkali  flat,  there  was  an 
excessive  accumulation  of  alkali,  beyond  the  limit  of  any  agricultural 
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plant,  at  least  to  a  depth  of  7  or  8  feet.  Below  this  it  rather  looks  as 
though  the  amount  of  salts  was  diminishing  and  that  if  the  boring 
could  have  been  carried  deeper  the  salt  content  would  perhaps  have 
grown  less.  At  the  present  time  the  soil  in  boring  52  does  not  contain 
an  excessive  amount  of  alkali  for  alfalfa,  but  the  level  of  standing  water 
is  so  near  the  surface  that  the  roots  of  the  plants  are  submerged  and 
the  crop  can  not  be  successfully  grown.  This  is  the  first  stage  in  the 
ruin  and  devastation  that  is  being  wrought,  and  boring  49  shows  the 
final  and  complete  stage  when  the  land  is  given  up  to  water  and  alkali. 

When  land  is  in  the  condition  of  boring  52,  and  before  any  notable 
accumulation  of  crust  has  appeared  upon  the  surface,  the  land  becomes 
covered  with  a  heavy  growth  of  weeds.  All  agricultural  crops  have 
ceased  to  grow  for  some  time,  and  the  land  has  been  abandoned  as  a 
barren  waste.  Such  a  condition  as  is  shown  by  the  growth  of  weeds 
is  usually  thought  to  mean  that  the  alkali  is  disappearing  or  is  being 
used  up  by  the  weeds  themselves,  and  that  the  soil  is  again  becoming 
fit  for  crops.  In  some  cases  this  may  be  true,  if  there  is  suf&cient  drain- 
age to  carry  off  the  excess  of  seepage  waters  and  time  enough  be  allowed 
for  them  to  move  on;  but  in  many  cases  the  conditions  simply  indicate 
that  the  weeds  are  a  class  of  plants  which  can  thrive  on  wet  ground  and 
grow  for  a  while  luxuriantly.  If  the  methods  of  irrigation  are  kept  up 
and  the  seepage  waters  continue  to  collect  and  evaporate  for  a  few  years 
longer,  alkali  will  accumulate  in  sufficient  quantities  to  kill  even  the 
growth  of  weeds,  and  the  land  will  truly  present  the  appearance  of  a 
desert. 

From  all  the  facts  thus  far  observed  it  can  be  said  that  the  first  harm- 
ful effect  of  overirrigation  iu  these  soils  is  caused  by  excess  of  water, 
and  if  this  is  not  immediately  removed  further  damage  will  result  from 
the  accumulation  of  soluble  salts.  If  the  excess  of  water  is  soon 
removed  no  permanent  damage  will  result. 

A  line  of  borings  was  run  from  the  center  of  this  alkali  flat  for  a 
mile  and  a  half  back  to  the  main  canal.  A  number  of  borings  were 
made  to  a  considerable  depth  and  salt  determinations  made  for  every 
foot  in  depth  in  each  of  these  borings.  It  was  found  that  adjoining 
the  canal  and  for  two-thirds  of  the  way  down  to  the  alkali  flat  there  is 
but  little  alkali,  as  though  the  irrigation  water  had  removed  the  salts 
from  this  portion  of  the  land  and  that  they  had  then  accumulated  in 
the  alkali  flat,  which  is  at  a  somewhat  lower  level.  These  irrigation 
waters  slowly  seep  through  the  underground  channels  down  into  the 
natural  drainage  system,  which  is  represented  in  this  case  by  the 
alkali  flat  on  account  of  its  somewhat  depressed  condition.  The  water 
first  appears  in  these  low  places  in  the  line  of  underdrainage,  and  as 
the  evaporation  of  the  water  goes  on  the  salts  accumulate,  gradually 
extending  up  and  enlarging  the  alkali  flats  as  the  water  rises  until  the 
level  of  the  surrounding  area  is  reached,  when  the  whole  district  is 
abandoned.    The  area  around  the  alkali  fiat  is  first-class  alfalfa  land 
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and  the  property  is  considered  very  valaable,  but  only  three  or  four 
years  ago  the  alkali  flat  itself  was  considered  just  as  valuable,  and 
the  alarming  feature  of  the  whole  thing  is  that  the  owners  know  that 
if  these  conditioDS  continue  the  alfalfa  field  itself  will  be  ruined  and 
will  have  to  be  abandoned  in  a  few  years  unless  very  energetic  means 
are  taken  to  arrest  the  progress  of  the  trouble. 

The  chances  are,  of  course,  that  this  condition  has  not  arisen  from 
the  local  application  of  water  at  this  place.  It  is  possibly  a  result  of 
injudicious  methods  of  irrigation  on  the  adjoining  lands  at  higher 
levels.  One  of  the  most  discouraging  features  of  the  whole  problem  is 
that  the  owner  of  such  a  tract  of  land  may  use  the  most  approved 
methods  of  irrigation  and  yet  be  completely  ruined  by  the  excessive 
and  injudicious  use  of  water  by  his  neighbor.  This  neighbor  may 
escape  the  ipjufious  effects  of  his  own  crude  methods,  at  least  for  many 
years  after  the  other  has  been  ruined.  In  the  contemplation  of  such  a 
problem  as  is  presented  in  the  Yellowstone  Valley,  therefore,  there  are 
certain  property  rights  that  may  easily  be  abused,  causing  very  disas- 
trous results  to  appear  upon  a  neighbor's  land.  It  makes  the  whole 
problem  very  hard  to  deal  with,  especially  as  it  wouM  be  extremely 
difficult  to  show  the  source  of  the  trouble  and  to  locate  the  offending 
person.  It  is  a  problem,  however,  which  will  have  to  be  taken  up;  and 
if  the  property  owners  do  not  themselves  take  adequate  care  of  their 
drainage  systems  and  use  intelligent  methods  of  irrigation  some  means 
must  be  found  of  compelling  them  to  do  so  or  to  give  redress  to  their 
unfortunate  neighbors. 

This  accumulation  of  salts  is  very  harmful  in  the  puddling  effect  on 
the  soil.  The  flocculation  of  the  soil  grains  is  broken  up  and  the  grains 
are  separated  out  into  their  most  uniform  position,  where  they  offer  the 
greatest  possible  resistance  to  the  flow  of  water.  This  puddling  can 
be  relieved  only  by  draining  off  the  water  and  the  salts,  and  this  drain- 
age is  rendered  difficult  by  their  presence,  so  that  the  reclamation  of 
these  alkali  flats  on  the  gumbo  soil  is  an  exceedingly  difficult,  slow, 
and  exx>ensive  undertaking. 

The  formation  of  these  alkali  flats  is  in  a  way  an  evidence  of  the 
effort  of  nature  to  correct  the  faults  of  our  crude  system  of  irrigation. 
The  salts  are  being  carried  off  into  the  natural  drainage  of  the  coun- 
try, but  the  process  is  very  slow  and  the  excess  of  seepage  water  and 
the  salts  themselves  collect  in  these  places  on  account  of  the  inability 
of  the  soil  to  let  them  pass  as  rapidly  as  the  excess  of  water  is  supplied. 
This  suggests  the  only  feasible  method  of  reclaiming  these  lands  and, 
indeed,  of  preventing  the  accumulation  of  the  salts  which  will  occur 
except  under  the  most  careful  and  judicious  methods  of  applying  water. 
In  cases  like  that  under  consideration,  where  the  damage  has  already 
been  done,  the  natural  drainage  is  so  slow  that  it  does  not  afford  ade- 
quate relief,  and  in  fact  is  but  a  sign  of  impending  ruin  for  a  very  much 
larger  area.    The  only  way  to  reclaim  the  laud  is  to  put  in  an  efficient 
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system  of  drains,  preferably  of  nndergroand  tUe  drains.  It  is  urged 
against  this  idea  that  the  land  is  not  worth  the  cost  of  the  investment 
in  putting  in  a  system  of  tile  drains.  This,  of  course,  is  an  economic 
problem  which  is  entirely  dependent  upon  conditions  of  market,  trans- 
portation facilities,  and  other  commercial  considerations.  It  may  or 
may  not  be  profitable  at  this  time  to  protect  the  lands  from  destruction 
and  to  reclaim  those  that  have  been  destroyed.  It  maybe  cheaper  to 
move  off  into  new  areas,  but  the  time  will  come,  if  it  has  not  already 
come,  when  the  land  in  the  Yellowstone  Valley  and  in  similar  situa-. 
tions  will  be  worth  the  care  and  expense  necessary  to  protect  it  from 
ultimate  destruction.  The  amount  of  money  now  invested  in  the  Yel- 
lowstone Yalley  is  enormous,  and  the  continuance  of  prosperity  is 
entirely  dependent  upon  the  care  which  is  taken  in  the  methods  of  irri- 
gating the  lands.  Property  worth  thousands  of  dollars  Ynay  be  ruined 
in  a  few  years  and  become  utterly  worthless.  The  experience  in  the 
valley  shows  that  this  has  been  the  case  in  the  past,  and  there  is  much 
uneasiness  felt  in  regard  to  large  areas  which  show  signs  of  the  rapid 
spread  of  alkali. 

EFEECT  OF  TnTDEEDEAXITAOE  IS  REMOVINO  SALT. 

There  is  abundant  evidence  that  thorough  underdratnage  will  reclaim 
these  lands,  and  if  introduced  in  time  will  prevent  any  such  disastrous 
results  as  those  which  have  been  described.  There  has  been  no  thor- 
ough system  of  tile  drainage  tried,  but  a  few  efforts  have  been  made 
to  reclaim  the  abandoned  lauds  by  open  drains.  That  these  have  been 
efficacious  the  following  investigations  will  show : 

A  drainage  ditch  had  been  dug  in  the  alkali  flat  on  section  2,  T.  1 
S.,  K.  25  E.,  and  the  excess  of  water  had  been  continuously  removed 
for  some  time  before  this  investigation  was  made.  A  line  of  borings 
was  made  from  this  ditch  back  about  one-fourth  mile  to  see  how  the 
salt  content  had  been  changed.  The  results  are  given  in  the  accom- 
panying table,  which  represents  the  per  oeni  of  soluble  salt  found  at 
different  distances  from  this  ditch. 

Salt  determinatiofu  at  different  distances  from  a  drainage  ditch. 


Depth  (feet). 

Boring46. 

Boriiig46. 

Boriiig47. 

Borlng48. 

o_i 

Per  emt. 
0.047 
.030 
.036 
.031 
.045 
.045 
.043 
.043 

Per  eent. 
0.054 
.006 
.112 
.103 
.109 
.120 
.138 
.162 

Per  eenL 
0.155 
.164 
.177 
.213 
.191 
.101 
.225 
.237 

Per  eent 
0.419 
.268 
.257 
.238 
.275 
.267 
.275 
.837 

1_2 

2-3 

3-4 

4-6 

5_« 

6^7 

7-« 

.040 
11.200 

.108 
30,280 

.104 
54.820 

.290 
81,200 

Total  pounds  per  acre  8  feet  deep. 

Boring  46  shows  the  amount  of  salt  about  300  yards  ^m  the  drain- 
age ditch.    The  next  column  shows  the  amount  at  about  100  yards  from 
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the  ditch,  while  the  lust  colanin  shows  the  amount  closely  adjoining  the 
ditch.  It  will  be  seen  from  this  table  how  the  salts  have  accumulated 
at  the  lowest  point  of  the  drainage  system  and  how  they  are  being 
removed  by  the  drain  as  the  water  from  the  irrigating  ditch  seeps  down 
and  the  excess  of  seepage  water  is  carried  off.  The  amount  of  salt 
found  at  the  drainage  ditch  is  already  below  the  15,000  pounds  limit 
of  crop  production,  while  farther  out  in  the  alkali  flat,  under  presum- 
ably the  same  conditions  as  existed  at  the  drainage  ditch  when  it  was 
cut,  the  amount  of  salt  is  upward  of  35,000  pounds  per  acre-foot. 

It  is  easy  to  show  in  another  way  the  beneficial  effects  of  under- 
drainage.  The  land  around  Billings  is  underlaid  at  a  depth  of  from  6 
to  8  feet  by  a  layer  of  gravel.  Within  the  last  few  years  it  has  been 
necessary  to  construct  a  ditch  around  the  town  of  Billings  to  cut  off 
from  the  town  the  seepage  waters  from  the  irrigated  lands.  This  ditch 
is  cut  to  a  depth  of  G  or  8  feet,  so  that  it  is  in  the  gravel  through  its 
whole  length,  and  it  receives  the  water  from  two  or  three  natural  draws 
and  all  of  the  seepage  water  from  four  or  five  sections  of  land.  No 
sewerage  is  allowed  to  flow  into  the  ditch  from  the  town. 

A  number  of  observations  were  made  upon  this  ditch  during  the 
month  of  June.  It  was  estimated  that  the  average  flow  of  water  dur- 
ing this  time  was  about  40  cubic  feet  i>er  second.  Frequent  determina- 
tions were  also  made  of  the  soluble  salt  content  of  the  water  flowing 
in  this  drainage  ditch. 

The  following  table  gives  the  amount  of  salt  found  during  the  month 
of  June: 

Examination  of  drain<ige  water. 


Jane  i 

June  6 

Jane  7 

Jaao 11 

Jano 12 

Jane  13 

Jane  16 

Average 


Tons  of 

Salt  (per 

salt  re- 

cent). 

moved 

per  hoar. 

0.302 

13.6 

.424 

19.1 

.422 

19.0 

.449 

20.2 

.283 

12.7 

.481 

21.6 

.227 

10.2 

.370 

16.6 

It  will  be  seen  that  the  ditch  is  doing  a  great  work  in  removing  the 
salt  content  from  the  overirrigated  lands  around  the  town.  At  the 
rate  at  which  the  salt  was  being  removed  at  the  time  these  observa- 
tions were  made  the  ditch  was  removing  about  16J  tons  per  hour.  If 
this  rate  was  continuous  it  would  drain  1  per  cent  of  salt  from  the 
upper  5  feet  of  about  900  acres  of  land  per  year.  As  a  matter  of  fact, 
while  the  ditch  rarely  if  ever  stops  flowing,  the  flow  is  not  always  asi 
great  as  during  the  time  of  this  investigation.  Still,  the  figures  give 
some  idea  of  the  enormous  results  which  may  be  accomplished  by  a 
judicious  system  of  drainage  in  the  reclamation  of  these  alkali  lands 
11929 2 
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and  the  protection  from  an  undue  accumulation  of  salt  and  seepage 
waters. 

It  may  be  well  to  state  that  the  water  in  the  main  irrigating  canal 
that  is  taken  out  of  the  Yellowstone  Kiver  about  40  miles  above  Bill- 
ings, although  carried  for  this  great  distance  through  the  valley,  was 
fresh  and  free  from  salts.  From  all  sources,  however,  where  this  water 
was  escaping  as  seepage  water  it  is  seen  to  be  loaded  with  excess 
of  salts,  and  where  free  to  flow  off  readily  the  saM  will  b^  carried  off 
instead  of  accumulating  in  the  alkali  flats. 

Besides  the  examination  of  the  drainage  ditch  around  the  town  of 
Billings  many  determinations  were  made  of  the  salt  content  of  springs 
and  wells.  The  following  table  gives  the  determinations  of  the  salt 
content  from  a  number  of  places. 

Salt  content  of  springs  and  wells  near  Billings. 

Per  cent. 

Spring  on  the  sandstone  bluff 029 

Well  on  west  side  of  sec.  2,  T.  1  S.,  R.  25  E 119 

Sprlngon  westsideofseo.  2,  T.  1  S.,  R.  25  E 212 

Well  on  north  side  of  sec.  2,  T.  1  S.,  R.  25  E 309 

Spring  on  north  side  of  sec.  6,  T.  1  S.,  R.  26  E 433 

Spring  in  center  of  sec.  5,  T.  1  S.,  R.  26  E 437 

Well  on  south  side  of  sec.  1,  T.  1  S.,  R.  25  E 536 

Well  on  north  side  of  sec.  2,  T.  1  S..  R.  25  E 538 

Well  water  containing  more  than  one-tenth  of  1  -per  cent  is  ordinarily 
considered  unfit  for  domestic  use.  In  most  of  these  wells  the  water 
was  less  than  5  feet  below  the  surface  of  the  ground,  and  the  water 
t'asted  strongly  saline. 

It  will  be  seen,  therefore,  from  all  of  these  sources  that  the  water  in 
the  soil  is  charged  with  this  excess  of  salt.  If  there  is  a  ready  means 
provided  for  it  to  leave  the  soil,  there  will  be  no  excess  of  soluble  salts. 
It  would,  of  course,  be  unfortunate  to  depend  upon  this  to  carry  off  the 
salts  from  reckless  overirrigation,  for  in  removing  these  salts  much 
valuable  plant  food  may  also  be  lost  and  the  soil  in  a  measure  impov- 
erished. It  is  necessary,  therefore,  even  with  a  system  of  efficient 
underdrainage,  to  use  great  care,  so  that  there  shall  not  be  more  loss 
through  underdrainage  than  is  necessary.  It  is  perfectly  evident, 
however,  on  the  other  hand,  that  if  these  conditions  continue  and  the 
water  rises  closer  to  the  surface  than  it  is  at  present,  that  the  seepage 
waters  and  the  accumulation  of  salts  together  are  likely  to  prove  very 
disastrous  over  larger  areas. 

Many  theories  have  been  advanced  by  the  land  owners  around  Bil- 
lings, and  in  these  other  localities  also,  as  to  the  source  of  the  alkali 
and  as  to  the  conditions  under  the  surface.  The  belief  is  widespread 
that  the  alkali  flats  can  probably  be  reclaimed  by  flooding  the  surface 
during  a  dry  season  and  washing  off  the  crust.  Investigations,  how- 
ever, have  shown  very  conclusively  that  the  crust  contains  only  a  very 
small  proportion  of  the  alkali,  and  that  this  method  alone  will  not  be 
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sufficient  to  remove  the  trouble.  Many  of  the  planters  are  beginning 
to  see  that  the  rise  of  alkali  is  coincident  with  the  accumulation  of 
seepage  waters,  and  to  realize  that  the  trouble  is  probably  due  to  a  too 
lavish  use  of  water  in  irrigation. 

Hilgard  has  pointed  out  for  years  that  the  only  safe  practice  in 
bringing  a  new  area  under  the  ditch,  in  a  soil  that  is  at  all  likely  to 
have  alkali,  is  to  use  water  very  sparingly  and  keep  the  land  under 
thorough  cultivation,  so  that  a  minimum  amount  of  water  shall  evapo- 
rate irom  the  surface  of  the  ground  to  deposit  the  salts,  and  so  that 
there  shall  be  no  accumulation  of  seepage  waters  in  the  subsoil. 

Hilgard  has  repeatedly  called  attention  to  the  reactions  between 
lime  salts  and  the  salts  of  the  alkalies. 

Where  sodium  or  potassium  carbonates  or  chlorides  are  associated 
with  calcium  sulphate  in  a  well-aerated  soil,  a  reaction  takes  place  in 
which  sodium  or  potassium  sulphate  and  calcium  chloride  or  carbon- 
ate are  formed.  The  calcium  chloride  is  extremely  soluble  and  easily 
leached  from  the  soil  if  there  is  any  chance  at  all  of  its  being  carried 
oft*  by  drainage  waters.  The  calcium  carbonate  is  difficultly  soluble 
and  would  remain  in  the  soil  as  limestone.  On  the  other  hand,  where 
sodium  or  potassium  sulphate  exists  in  the  soil,  together  with  lime  car- 
bonate and  in  the  presence  of  an  excess  of  carbonic  acid  or  in  the 
presence  of  supercarbonates  of  the  alkalies,  the  reverse  action  takes 
place  and  carbonate  of  soda  or  potash  is  formed,  together  with  the  sul- 
phate of  lime. 

Hilgard  shows  this  reaction  actually  taking  place  in  certain  condi- 
tions of  the  soil.  He  points  out  that  the  carbonate  of  soda  and  sulphate 
of  lime  may  occur  in  the  bottom  of  a  slight  depression  where  the  soil 
is  moist,  while  the  sodium  sulphate  and  calcium  carbonate  will  be  found 
around  the  edges  where  the  soil  is  better  drained.  As  a  practical  appli- 
cation of  this  knowledge,  he  urges  the  use  of  gypsum  or  sulphate  of 
lime  in  the  reclaiming  of  lands  containing  the  black  alkali  or  carbonate 
of  soda,  and  at  the  same  time  points  out  the  necessity  of  thorough 
drainage  in  connection  with  the  application  of  gypsum;  otherwise  the 
application  will  do  no  good  at  all. 

These  various  reactions  and  properties  of  the  so-called  alkali  salts 
indicate  the  methods  for  the  reclamation  of  the  alkali  lands.  In  the 
case  of  the  carbonates  the  course  recommended  by  Hilgard  is  unques- 
tionably the  proper  one — to  treat  the  soil  with  heavy  applications  of 
gypsum  and  insure  thorough  drainage,  so  as  to  have  the  soil  well  aer- 
ated. In  the  case  of  an  excess  of  sodium  chloride,  which  is  very  solu- 
ble and  easily  leached  out  of  a  soil,  it  is  only  necessary  to  flood  the  soil 
and  remove  the  excess  of  salt  in  this  way.  It  is  essential,  however, 
that  the  soil  so  treated  should  have  good  underdrainage  in  order  that 
the  water  applied  at  the  surface  may  percolate  through  and  actually 
carry  oft"  the  excessive  amount  of  the  soluble  sodium  chloride.  No 
application  of  any  kind  will  be  beneficial,  as  the  sodium  chloride  is  as 
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simple  a  salt  as  one  can  have  and  quite  harmless,  except  when  present 
in  extraordinary  amounts. 

The  treatment  of  soils  containing  sodium  sulphate  is  more  difficult 
than  in  the  case  of  the  chloride,  as  the  salt  is  less  easily  leached  from 
the  soil.  Here,  again,  no  application,  however,  can  be  made,  the  sul- 
phate, like  the  chloride,  being  injurious  only  when  in  large  excess.  It 
will  be  shown  further  on  that  the  surest  plan  in  the  cultivation  of  these 
alkali  soils  is  to  use  care  in  applying  the  water,  so  that  there  shall  be 
no  accumulation  of  the  salts  at  the  surface,  and.  as  Hilgard  has 
repeatedly  recommended,  the  cultivation  should  be  very  thorough  so  as 
to  prevent,  so  far  as  possible,  the  evaporation  of  the  water  from  the 
surface  of  the  ground.  When  the  salts  have  once  accumulated,  how- 
ever, there  is  nothing  to  do  but  wait  for  them  to  gradually  leach  away 
through  the  drainage  and  seepage  waters  or  to  thoroughly  underdrain 
the  land  with  tile  drains,  and  so  hasten  the  reclamation. 

SUMMART  OF  THE  DTVESTIGATIONS  AHD  CONCLUSIONS. 

The  results  of  these  investigations  show  that  there  is  no  sodium 
carbonate  or  black  alkali  in  the  soil.  The  source  of  the  alkali  is  in  the 
sandstone,  and  particularly  in  the  shale  or  slate  rocks  from  which  the 
soils  have  been  derived.  Before  irrigation  was  introduced  the  salts 
were  present  in  the  soils  in  rather  large  amounts,  but  well  distributed, 
and  not  in  such  large  quantities  as  to  be  injurious  to  crops.  The  injury 
is  due  entirely  to  overirrigation,  to  the  translocation  and  local  accu- 
mulation of  salts  by  means  of  seepage  waters,  and  to  the  imperfect 
drainage  facilities  in  the  compact  gumbo  soils.and  the  inability  of  the 
excess  of  salts  and  of  seepage  waters  to  escape.  The  first  trouble 
appears  to  be  due  to  the  seepage  waters.  This,  of  course,  need  not 
necessarily  be  so,  but  it  appears  to  be  the  case  in  this  locality.  The 
open,  sandy  lands,  having  better  underdrainage,  are  not  likely  to  be 
injured  by  a  rise  of  salts  except  from  an  excessive  application  of  water 
or  in  the  low  places  in  the  path  of  the  drainage  system,  especially  when 
these  are  underlaid,  as  they  are  liable  to  be,  by  the  heavy  gumbo  sub- 
soils. The  gumbo  soil  requires  great  care  in  cultivation,  as  it  is  easily 
ruined  by  the  accumulation  of  seepage  waters  and  the  subsequent 
accumulation  of  salts.  There  are  many  areas  in  the  valley,  of  course, 
which  have  still  a  low  or  moderate  salt  content  which  are  probably  safe 
for  years  to  come.  There  are  other  areas  in  which  the  salts  are  now 
accumulating  to  such  an  extent  as  to  render  the  future  value  of  the 
land  very  uncertain,  while  there  are  still  other  areas  which  have  gone 
beyond  this  stage,  and  what  were  once  fertile  tracts  have  been  thrown 
out  as  barren  flats.  The  investigations  show,  further,  the  very  dis- 
turbing fact  that  the  injury  need  not  be  due  to  a  local  application  of 
water,  but  to  the  injudicious  application  of  large  quantities  of  it  in 
remote  localities  and  on  neighboring  farms  over  which  the  unfortunate 
X>erson  has  no  control  and  for  the  effects  of  which  he  has,  at  present,  no 
redress. 
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The  iDvestigatioDs  point  clearly  to  the  natural  methods  of  prevent- 
ing this  injury  and  of  reclaiming  the  lands  when  once  the  injury  has 
occurred.  There  is  no  question  that  the  injury  is  due  to  the  transloca- 
tion and  local  accumulation  of  the  salts  which  were  formerly  well  dis- 
tributed in  the  soils  of  the  valley.  Alkali  has  been  troublesome  here 
only  after  eight  or  ten  years  of  irrigation.  The  trouble  is  always  pre- 
ceded by  an  accumulation  of  seepage  waters,  followed  in  a  few  years 
by  the  alkali  incrustations  on  the  surface  of  the  land.  This  evidently 
points  to  the  necessity  of  great  care  in  the  application  of  water  in  the 
methods  of  irrigation.  This  care  must  be  exercised  not  only  for  the 
land  which  is  being  irrigated,  but  for  the  adjoining  lands  on  lower 
levels.  While  a  man  can  overirrigate  a  sandy  tract  with  practical 
impunity  to  himself,  he  is  likely  to  swamp  his  neighbor  on  a  lower 
level.  There  are  involved  property  rights,  therefore,  which  will  come 
to  be  recogni/ed  and  which  will  have  to  be  taken  into  consideration  in 
any  intelligent  and  safe  system  of  irrigation. 

Where  the  damage  has  been  done,  or  where  the  conditions  are  so 
imminent  that  ultimate  ruin  can  be  foreseen,  the  logical  method  of 
reclamation  is  in  providing  adequate  systems  of  drainage  to  carry  off 
the  excess  of  water  and  the  accumulated  salts.  This  is  expensive,  but 
it  is  the  only  thing  in  this  case  to  hasten  the  slow  processes  of  nature, 
which  are  entirely  inadequate  in  the  presence  of  the  present  methods 
of  irrigation  and  of  culture.  Underdrainage  is  expensive,  but  it  has 
amply  repaid  for  the  investment  in  other  localities  where  land  is  worth 
no  more  than  in  the  Yellowstone  Valley.  Any  land  which  is  worth  $50 
per  acre  could  well  afford  to  be  taxed  for  underdrainage  if  it  is  neces- 
sary, as  in  many  places  in  the  Yellowstone  Valley,  to  save  the  invest- 
ment from  utter  annihilation.  It  may  be  too  soon  yet  to  urge  an 
extensive  system  of  underdrainage  in  the  valley,  but  some  small  sys- 
tems should  certainly  be  introduced,  if  necessary  by  cooperation,  for  an 
object  lesson  when  it  is  considered  necessary  and  timely  to  protect 
against  trouble  or  to  reclaim  lands  already  abandoned.  The  owners 
will  then  see  that  it  is  feasible  to  protect  their  lands  and  to  reclaim, 
through  underdrainage,  those  that  are  abandoned. 

It  has  been  pointed  out  already  that  there  are  some  crops  which  can 
stand  much  larger  percentages  of  alkali  than  others.  It  is  quite  possi- 
ble that  other  valuable  crops  can  be  found  or  can  be  bred  which  will 
stand  large  quantities  of  alkali,  but  it  is  unfortunate,  indeed,  for  a 
locality  like  the  Yellowstone  Valley,  which  was  originally  free  from 
alkali,  to  accept  such  conditions  resulting  from  their  injudicious  meth.^ 
ods  of  irrigation  and  try  to  find  crops  which  will  thrive  upon  lands 
which  have  been  unnecessarily  injured. 

It  must  not  be  assumed,  however,  that  a  thorough  system  of  under- 
drainage relieves  one  from  exercising  care  and  judgment  in  applying 
water  to  the  land.  There  is  less  immediate  danger  of  ruining  the  land,  to 
be  sure,  but  there  are  two  things  to  be  considered,  namely,  that  an  excess- 
ive use  of  water  means  just  so  much  loss  to  irrigation  and  so  much  less 


Digitized  by  VjOOQ IC 


22 

laud  which  cau  be  brought  uuder  the  ditch,  and  also  that  in  the  removal 
of  these  salts  by  the  flow  of  the  seepage  waters  out  through  the  drain- 
age system  large  quantities  of  really  valuable  plant  food  are  likely  to 
be  removed  from  the  soil.  The  very  accumulation  of  these  soluble  salts 
is  due  to  the  arid  conditions  of  the  climate.  The  great  fertility  of  the 
soil  results  from  the  accumulation  of  these  salts,  and  if  we  introduce 
artificial  drainage,  which  will  tax  the  resources  of  the  soil,  we  may 
remove  in  the  course  of  a  generation,  or  even  in  less  time  than  this,  the 
accumulated  results  of  the  changes  of  vast  geologic  ages  in  the  disinte- 
gration of  rocks.  By  overirrigation  and  underdrainage  we  may  remove 
in  a  few  years  the  very  conditions  which  contribute  to  the  wealth  of 
the  country  in  the  fertility  of  the  soil. 

In  taking  up  new  land  in  the  Yellowstone  Valley  the  heavy  gumbo 
soils  should  be  underdrained  at  the  time  the  first  irrigation  waters  are 
applied  to  the  land.  Even  if  the  system  of  underdrainage  is  not  com- 
plete at  the  start,  a  sufficient  amount  of  it  should  be  put  in  to  answer 
the  purpose  at  the  beginning,  and  so  arranged  that  it  can  be  extended 
and  more  laterals  put  in  as  time  goes  on  and  the  necessity  of  it  becomes 
apparent.  It  is  too  late  to  wait  until  the  damage  has  been  done,  for 
the  accumulation  of  salts  themselves  acts  on  the  heavy  gumbo  soils  and 
makes  them  more  impervious  to  water  and  harder  subsequently  to  drain. 
Great  care  must  be  taken  in  the  application  of  water.  As  little  as  pos- 
sible should  be  applied  at  each  time,  so  that  there  shall  be  as  little 
waste  as  possible  to  go  oft*  as  seepage  water.  The  surface  then  should 
be  thoroughly  cultivated,  unless  otherwise  protected  from  evaporation 
by  alfalfa  or  other  close-growing  crops,  so  as  to  reduce  the  loss  of  water 
from  the  surface  to  a  minimum  and  prevent  thereby  the  accumulation 
of  salts  at  the  surface. 

The  rise  in  the  level  of  water  in  wells  must  be  looked  upon  with 
uneasiness  and  guarded  against  with  great  care. 

The  conditions  in  the  Yellowstone  Valley  are  particularly  simple, 
and  the  danger  from  the  rise  of  salts  may  be  easily  controlled.  These 
investigations  show  the  cause  of  the  trouble,  the  actual  conditions  over 
a  small  section  of  the  valley,  and  point  out  the  logical  methods  of  pre- 
venting trouble  and  of  redeeming  the  land  after  the  trouble  has  come. 
The  locality  is  fortunate  indeed  in  having  no  great  excess  of  alkali  in 
the  soils  previous  to  irrigation,  as  occurs  over  such  large  areas  in  adjoin- 
ing States.  The  question  involved  is  a  simple  problem,  well  within  the 
control  of  the  intelligent  land  owners  of  the  valley. 

While  the  discussion  of  this  imx)ortant  subject  in  the  present  publi- 
cation has  been  confined  to  the  Yellowstone  Valley,  it  is  nevertheless 
one,  as  already  stated  in  the  introduction,  of  practical  interest  all 
through  the  States  of  the  far  West,  and  the  principles  applicable  in 
the  case  under  discussion  are  in  general  applicable  to  alkali  lands 
throughout  the  country. 
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FARMERS'   BULLETINS. 

These  bnlletios  are  sent  free  of  charge  to  any  address  apoo  application  to  the 
Secretary  of  Agriculture,  Washington,  D.  C.  Only  the  following  are  available  for 
distribution : 

Mo.  10.  Legtunixioaa  Planta  for  Green  Mannring  aod  for  Feeding.  Pp.  24.  No.  19.  important  Inseo- 
ticides:  Directions  for  Their  Preparation  and  Use.  Pp.20.  No.  21.  Barnyard  Manure.  Pp.82,  flgs. 
7.  No.  22.  The  Feeding  of  Farm  Animals.  Pp.32.  No. 23.  Foods:  Nutritive  Value  and  Ck»st.  Pp. 
32,charto2.  K6.24.  Hog  Cholera  and  Swine  Plague.  Pp.16.  No.  25.  Peanuts:  Culture  and  Uses. 
Pp.24,  fig.  1.  No. 26.  Sweet  Pototoes:  Culture  and  Uses.  Pp. 30, flgs.  4.  No. 27.  Flax  for  Seed  and 
Fiber.  Pp.16.  No.  28.  Weeds:  and  How  to  Kill  Them.  Pp.  32,  figs.  11.  No. 29.  Souring  of  Milk, 
and  Other  Changes  in  Milk  Products.  Pp.  23.  No.  30.  Qrape  Diseases  on  the  Pacific  Coast.  Pp.  15, 
flgs. 3.  No.  31.  Alfalfa,  or  Lncem.  Pp.24,  figs. 3.  No. 32.  Silos  and  Silage.  Pp.  32, figs.  10.  No.  33. 
Peach  Growing  for  Market.  Pp.  24,  figs.  21.  No.  34.  Meats:  Composition  and  Cooking.  Pp.  29, 
flgs.  4.  No.  35.  Potato  Culture.  Pp.  23,  figs.  3.  No.  36.  Cotton  Seed  and  Its  Products.  Pp.  16.  No. 
37.  Kafir  Com:  Characteristics,  Culture,  and  Uses.  Pp.  12,  fig.  1.  No.  38.  Spraying  for  Fruit 
Diseases.  Pp.  12,  flfss.  6.  No.  89.  Onion  Culture.  Pp.  31,  figs.  3.  No.  40.  Farm  Drainage.  Pp.24, 
figs.  6  No.  41.  Fowls :  Care  and  Feeding.  Pp.  24,  flgs.  4.  No.  42.  Facts  About  MUk.  Pp.  29,  flgs.  8. 
Ho.  43.  Sewage  Disposal  on  the  Farm,  and  Protection  for  Drinking  Water.  Pp.  20,  figs.  8.  No.  44. 
Commercial  Fertilizers:  Composition  and  Use.  Pp.  24.  No.  45.  Some  Insects  Injurious  to  Stored 
Grain.  Pp.  24,  figs.  17.  Na  46.  IrrigaUon  in  Humid  Climates.  Pp.  27,  figs.  4.  No.  47.  Insects 
Affecting  the  Cotton  Plant  Pp.  32,  figs.  18.  No.  48.  The  Manuring  of  Cotton.  Pp.  16.  Ko.  40. 
Sheep  Feeding.  Pp.24.  No.  50.  Sorghum  as  a  Forage  Crop.  Pp.20,  fig.  1.  No. 51.  Standard  Varie- 
ties of  Chickens.  Pp.  48,  figs.  44.  No.  52.  The  Sugar  Beet.  Pp.  48,  flgs.  24.  No.  53.  How  to  Grow 
Mushrooms.  Pp.  20,  figs.  14.  No.  54.  Some  Common  Birds  in  Their  Belation  to  Agriculture.  Pp. 
40,  figs.  22.  No.  55.  The  Dairy  Herd :  Its  Formation  and  Management.  Pp.24.  No.  56.  Experiment 
SUtion  Work— L  Pp.  31,  figs.  10.  No.  57.  Butter  Making  on  the  Farm.  Pp.  15.  No.  58.  The  Soy 
Bean  as  a  Forage  Crop.  Pp.  24,  figs.  5.  No.  59.  Boo  KtH^phig.  Pp.  32,  figs.  19.  No.  60.  Methods  of 
Curing  Tobacco.  Pp.  16.  No.  61.  Asparagus  Culture.  Pp.  40,  figs.  17.  No.  62.  Marketing  Farm 
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LETTER  OF  TRANSMITTAL 


TJ.  S.  Department  op  Agrioulturb, 

Division  op  Agrostology, 
Washingtonj  D.  C,  January  19,  1899. 
Sir:  I  liav^e  tlie  houor  to  transmit  herewith,  for  publication  as  a 
Farmers'  Bulletin,  a  paper  by  Mr.  Jared  G.  Smith,  assistant  agrostol- 
ogist,  entitled  Oowpeas. 

The  necessity  for  the  more  extended  cultivation  of  grasses  and  forage 
plants  in  the  Southern  States  is  very  great.  The  Southern  farmer  must 
not  confine  himself  to  the  growing  of  cotton,  cane,  or  tobacco,  but 
should  adopt  modern  methods  of  diversified  farming.  There  must  be 
pasture  lands  and  hay  meadows  on  every  farm  in  order  to  feed  the  cattle, 
sheep,  and  swine,  the  purchase  of  which  in  the  form  of  meat  products 
now  consumes  the  profits  from  the  cash  crops  of  cotton,  rice,  cane,  and 
tobacco.  There  is  no  better  forage  plant  or  soil  renovator  than  the 
cowpea,  in  some  of  its  numerous  varieties,  because  of  its  adaptability 
to  the  wide  range  of  soils  and  conditions. 
Eespectfnlly, 

F.  Lamson-Scribner, 
Hon.  James  Wilson,  AgroHtologisU 

Secretary  of  Agriculture. 
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COWPEAS. 


INTRODUCTIOir. 

Tbousaiids  of  tons  of  hay  from  the  Northern  and  Western  States  are 
each  year  marketed  in  the  South.  Many  of  the  Southern  farmers  and 
planters  still  hold  to  the  methods  of  thirty  years  ago,  growing  a  main 
crop  of  cotton,  cane,  or  tobacco,  and  buying  meat  products  and  forage 
instead  of  producing  these  on  the  home  estate.  This  is  no  longer 
profitable  because  of  the  low  prices  to  which  the  staple  crops  have 
fallen,  and  there  is  no  valid  excuse  for  the  continuance  of  this  prac- 
tice. The  South  has  as  great  an  abundance  of  grasses  and  leguminous 
forage  plants  as  any  other  section.  While  red  clover  and  timothy  can 
not  be  depended  on,  there  are  other  hay  crops  just  as  reliable  for  the 
South  as  these  excellent  grasses  are  for  the  North.  There  is  perhaps 
greater  need  for  the  cultivation  of  leguminous  crops  in  the  South  than 
in  the  North.  The  soils  are  more  liable  to  the  rapid  exhaustion  of  the 
available  plant  foods,  because  the  leaching  of  soluble  salts  goes  on  all 
the  year.  Following  the  prodigal  methods  of  the  past,  the  farmer 
depends  on  annual  applications  of  commercial  fertilizers  to  repair  the 
waste.  Soils  can  be  most  profitably  built  up  by  increasing  the  amount 
of  organic  matter  in  them,  and  the  quickest  and  cheapest  way  of  doing 
this  is  by  growing  leguminous  forage  crops  and  feeding  them  on  the 
estate,  returning  all  the  manure  to  the  land.  Alfalfa,  cowpeas,  velvet 
bean,  Florida  beggar  weed,  melilotus,  Japan  clover,  and  winter  and 
hairy  vetches  may  all  be  grown.  These  forage  crops  supplemented  by 
cotton-seed  meal  and  hulls  will  provide  the  best  forage  for  work  stock, 
cattle,  sheep,  and  swine,  enriching  the  plantations  and  the  planter, 
adding  nitrogen  and  humus  to  the  soil,  replacing  the  more  expensive 
commercial  fertilizers  and  providing  hay  as  good  as  any  that  can  be 
bought  in  any  market. 

THE  COWPEA. 

The  cowpea  (fig.  1)  is  to  the  South  what  alfalfa  is  to  the  West  and 
red  clover  to  the  North — a  forage  plant  well  adapted  to  the  needs  of 
the  region.  The  cowpea  has  been  cultivated  in  the  South  for  at  least 
one  hundred  and  fifty  years.    It  was  probably  first  introduced  on  plan- 
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tatioDs  in  South  Carolina,  the  seed  having  been  brought  from  India  or 
China.  From  this  original  introduction  and  from  subsequent  importa- 
tions its  cultivation  has  spread  to  almost  every  farm  and  i>lantation  in 
the  Southern  States. 


Fio.  1.— Leaf  and  poiln  of  the  coATj^ca  (  Vitjnd  catjavg). 

Cowpeas  are  in  their  relationship  and  habit  of  growth  really  beans 
and  not  peas,  as  the  name,  would  indicate.  Tliey  are  annuals,  belong- 
ing to  the  gf^inis  Yigua,  the  members  of  whicli  are  largely  represented 
in  South  Africa,  and  are  clovsely  related  to  the  lablab,  lima,  and  haricot 
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beans  of  our  gardens,  as  well  as  to  numerous  cultivated  or  naif-wild 
garden  sorts  common  in  tropical  Asia  and  America;  but  little  known 
to  us. 

VARIETIBS. 

There  are  a  very  large  number  of  named  varieties  of  this  forage 
plant.  New  forms  are  constantly  arising,  due  to  variations  in  the 
habit  of  growth,  color  of  leaf,  stem,  and  pod,  and  the  shape  and  color 
of  the  seed.  Variations  from  any  chosen  type  are  constantly  appear- 
ing, and  as  one  or  another  of  these  sports  or  forms  gains  sufficient  local 
reputation  a  new  name  is  applied,  and  sooner  or  later  the  supposed 
new  variety  is  placed  upon  the  market.  In  this  way  one  variety  of 
cowpea  may  be  cultivated  in  a  dozen  different  localities  under  as  many 
names,  or  a  dozen  different  i>eas  may  bear  the  same  name. 

Oowpeas  occur  in  every  gradation  of  habit,  from  a  compact,  stocky, 
upright  bush  having  single  stems  a  foot  high  with  very  short  lateral 
branches,  to  those  with  trailing  runners  growing  as  flat  upon  the 
ground  as  sweet-potato  or  melon  vines,  the  prostrate  stems  15  to  20 
feet  in  length.  The  pods  vary  from  4  to  IG  inches  in  length,  and  the 
peas  are  of  every  imaginable  shade  of  white,  yellow,  green,  i)ink,  gray, 
brown,  red,  purple,  and  black,  of  solid  colors  or  variously  mottled  and 
speckled,  and  of  varying  sizes  and  forms,  from  large  kidney-shaped  to 
little  round  ones  smaller  than  the  garden  pea.  There  is  a  like  varia- 
tion in  the  length  of  time  the  different  forms  require  to  ripen  seed,  some 
requiring  eight  or  nine  months,  a  few  ripening  in  sixty  days  from  the 
time  of  planting. 

There  seems  to  be  a  somewhat  constant  relation  between  the  time 
required  for  attaining  maturity  and  the  habit  of  growth.  The  bush 
varieties  ripen  in  a  shorter  season  than  the  trailers,  but  a  bush  variety 
taken  from  Tennessee  or  Virginia  will,  in  the  course  of  a  few  seasons 
assume  the  trailing  habit,  and  lengthen  out  its  i^eriod  of  growth,  when 
removed  to  the  Gulf  States.  Also,  a  runner  or  creei>er  requiring  six  to 
eight  mouths  for  reaching  maturity  in  Louisiana  will,  if  planted  each 
year  a  hundred  miles  further  nortli,  gradually  accommodsite  itself  to  the 
shorter  season  and  at  the  same  time  shorten  its  runner.s,  approaching 
more  and  more  to  the  upright  or  ''bush"  habit  of  growth.  Xo  definite 
line  of  separation  can  bo  drawn  between  bush  peas,  trailers,  and  run- 
ners. The  best  varietal  character  is  probably  the  color  of  the  seed. 
It  is  quite  probable  that  more  than  one  species  is  in  cultivation.  The 
^'red"  and  ''black"  varieties  are  closely  allied;  the  round  "lady"  peas 
form  a  separate  group;  the  large  ''black  eyed"  and  "purple-eyed"  are 
typical  of  another,  and  the  variously  mottled  and  speckled  "whip  poor- 
wills"  are  only  a  degree  removed  from  the  solid-colored  yellow,  pinkish, 
and  light-brown  ones,  and  together  would  naturally  be  taken  to  consti- 
tute one  species  or  variety.  The  black  i>eas  pass  through  various 
shades  of  red  before  maturity.  The  red  varieties  sometimes  carry  their 
change  of  color  in  rii^ening  so  far  that  they  can  not  be  distinguished 
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from  the  black.  The  "black-eye"  and  "purple-eye'^  are  of  the  same 
ground  color,  differing  only  in  the  color  of  the  ring  surrounding  the 
eye.  The  various  "  crowd ers,''  yellow  and  white,  the  whip-poor-will, 
clay,  and  "yellow-eye''  forms  have  numerous  crosses  and  so-called 
hybrids  in  which  the  fundamental  yellows  and  browns  form  varying 
mixtures. 

GOWPEAS  AISTD  SOIL  EENOVATION. 

A  field  of  cowpeas  has  been  very  happily  designated  "the  poor  man's 
bank,"  for  in  common  with  all  its  leguminous  congeners,  the  field  pea, 
clovers,  alfalfa,  and  a  score  of  others,  this  crop  increases  the  fertility  of 
the  soil  upon  which  it  grows.  This  fact  has  long  been  accepted  by 
farmers  and  students  of  agriculture,  but  until  recent  discoveries  in 
Germany  and  America  it  was  believed  that  the  chief  function  of  these 
plants  was  to  tap  the  subsoil  reservoirs  of  nitrogen,  bringing  this 
valuable  fertilizer  t^  the  surface  by  means  of  their  long  roots  for  the 
use  and  benefit  of  succeeding  crops. 

But  within  the  last  decade  scientific  workers  have  discovered  that 
minute  micro-organisms,  or  bacteria,  which  live  within  the  tissues  of 
the  roots  of  leguminous  plants,  take  up  free  nitrogen  from  the  gases 
in  the  soil,  just  as  the  higher  plants  and  animals  utilize  the  oxygen  of 
the  air.  This  nitrogen  enters  into  combination  to  form  nitric  acid, 
which  unites  with  the  mineral  elements  of  the  soil  to  form  nitrates,  a 
kind  of  plant  food  exceedingly  valuable  to  the  growing  crop.  Nitrogen, 
when  in  combinjition  with  other  elements,  is  an  indispensable  form  of 
plant  and  animal  food,  but  the  free  element  can  not  be  utilized,  uncom- 
biued,  by  any  ot  the  higher  organisms.  Small  amounts  of  nitrous  acid 
are  formed  in  the  air  by  lightning  discharges,  and  are  in  part  absorbed 
by  the  soil  and  in  part  carried  by  rivers  and  drainage  waters  into  the 
sea.  Free  nitrogen  exists  only  in  the  air  and  in  the  gases  of  the  soil, 
but  as  ammonia,  nitrous  and  nitric  acid,  nitrites  and  nitrates,  it  is 
present  in  varying  quantities  in  the  soil,  the  unbroken  rocks,  and  the 
waters  of  continents  and  oceans. 

The  most  available  purchasable  nitrogen  Is  obtained  from  nitrate  of 
soda  or  from  some  form  of  animal  wastes,  such  as  freshly  ground  bone, 
dried  blood,  guano,  tankage,  and  fish  scrap,  and  from  cotton-seed  meal 
and  other  like  byproducts  of  the  oil  mills.  These  fertilizers  are  all 
expensive,  so  much  so  that  they  can  be  profitably  employed  by  the 
farmer  only  in  intensive  farming  with  specialized  crops.  The  gain  in 
yield  with  low-priced  crops,  such  as  corn,  cotton,  tobacco,  cowpeas, 
and  the  grasses,  using  high-grade  and  costly  fertilizers,  is  not  com- 
mensurate with  the  additional  expense.  But  every  farmer,  rich  and 
poor,  has  over  three  thousand  tons  of  atmospheric  nitrogen  resting  on 
every  acre  of  his  farm,  a  certain  quantity  of  which  can  be  transformed 
into  available  plant  food  every  time  that  he  grows  a  crop  of  cowpeas^ 
red  clover,  or  alfalfa. 


Digitized  by  VjOOQ IC 


There  are  a  great  many  acres  of  farming  land  in  tbe  South  in  need 
of  renovation.  The  red  uplands  and  yellow-clay  soils  were  undoubtedly 
less  fertile  originally  than  the  alluvial  and  black  prairie  soils,  and  the 
methods  of  cultivation  which  formerly  prevailed  have  still  further 
diminished  their  productiveness.  In  the  days  when  every  plantation 
numbered  its  acres  by  the  thousand,  and  labor  was  cheap,  the  planter 
could  afford  to  clear  off  the  native  forest  growth  and  bring  fresh  fields 
into  cultivation  whenever  the  yields  of  cotton  and  tobacco  fell  below 
what  was  considered  a  profitable  figure.  The  old  field,  stripped  in  a 
few  years  of  its  accumulated  store  of  fertility,  was  abandoned  and 
allowed  to  grow  up  to  weeds  and  underbrush.  The  forest  again  spread 
across  it,  and  gradually,  in  the  slow  course  of  half  a  lifetime,  the  nat- 
ural enrichment  of  its  surface  soil  by  the  growth  of  the  woodland 
grasses  made  it  ready  for  another  cultivation. 

But  with  the  breaking  up  of  the  large  estates  and  the  abrupt  change 
in  the  labor  conditions  this  method  of  farming  became  no  longer  profit- 
able or  even  possible.  A  planter  with  fewer  acres  could  no  longer 
afford  to  await  nature's  slow  process  of  rejuvenating  the  soil.  A  new 
system  of  farming  was  necessary.  The  land  must  not  be  allowed  to 
"  go  back."  It  must  be  kept  up  to  the  highest  state  of  productiveness 
by  a  rotation  of  crops,  a  judicious  use  of  commercial  fertilizers,  the 
growth  of  nitrogen-fixing  leguminous  crops,  and  good  and  thorough 
cultivation.  To  maintain  the  fertility  of  any  soil  the  amount  of  humus 
or  decaying  organic  matter  in  it  must  be  maintained.  Take  two  soils  of 
as  nearly  as  possible  the  same  physical  and  geological  formation,  but 
the  one  rich  in  humus  and  the  other  lacking  it,  and  fertilize  them  with 
equal  quantities  of  commercial  manures ;  the  one  which  has  the  most 
organic  matter  in  its  composition  will  yield  the  larger  crop.  The  soil 
on  that  field  will  stand  drought  better,  will  wash  less  under  torrential 
rains,  and  be  more  friable  and  of  better  tilth.  The  average  soils  ot 
the  South  need  more  humus.  It  can  be  best  supplied  by  sowing  more 
grass,  more  permanent  pasture  lands,  more  leguminous  crops.  In  a 
word,  plant  cowpeas. 

COWPEAS  FOR  FORAGK 

There  is  no  forage  plant  better  adapted  to  the  needs  and  conditions 
of  Southern  agriculture  than  this  rank,  free-growing  annual.  It  will 
thrive  luxuriantly  upon  the  rich,  swampy,  cane  lands  of  Louisiana. 
On  the  driest  and  most  sterile  worn-out  uplands  it  serves  the  admi- 
rable purpose  of  supplying  a  larger  quantity  and  better  quality  of  for- 
age than  any  other  bean  or  clover.  And  whenever  a  crop  of  cowpeas 
has  been  taken  off  a  field  the  surface  soil  is  left  richer  by  a  good 
many  pounds  of  that  most  costly  of  all  plant  foods,  nitrogen.  The 
roots  of  the  cowpea  enter  deeply  into  the  soil,  opening  and  loosening 
it  far  down  for  the  benefit  of  the  roots  of  the  succeeding  crops  of  corn, 
cotton,  and  tobacco.    It  has  been  found  by  experiment  that  the  ferti- 
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liziDjr  value  of  the  roots  and  stubble  of  the  cowpea  are  very  consider- 
able, but  not  as  great  as  that  of.  the  hay  removed  from  the  field.  The 
best  and  most  economical  use  of  this  forage  crop  is,  then,  to  cut  for  hay, 
feed  to  stock,  and  return  the  stable  manure  to  the  soil.  Plowing  the 
whole  crop  under  is  less  remunerative,  because  there  is  much  needless 
waste  of  the  muscle-making  and  fat-forming  constituents  of  the  plant 
which  would  bring  more  profit  if  turned  into  beef,  pork,  wool,  cheese, 
or  butter. 

As  regards  the  disposal  of  the  crop,  there  is  a  wide  variation  in 
practice.  The  feeding  value  of  vines  and  peas  much  exceeds  their 
fertilizing  value.  But  as  between  the  practice  of  turning  the  vines 
under  green  in  autumn  and  that  of  allowing  them  to  lie  on  the 
ground  during  the  winter,  the  latter  is  undoubtedly  sometimes  to  be 
preferred,  though  theoretically  wrong.  Theoretically,  to  plow  the  vines 
under  in  autumn  will  be  to  save  all  the  available  nitrogen  and  convert 
the  whole  plant  into  humus.  Practically,  the  turning  under  of  so  large 
an  amount  of  watery  green  herbage  is  sometimes  highly  injurious, 
causing  a  too  rapid  decay  and  consequent  "  burning"  or  souring  of  the 
soil.  The  upper  soil  layers,  freshly  stirred  and  mellowed  in  autumn, 
lose  more  by  leaching  and  washing  than  do  those  of  an  unplowed  field 
covered  by  its  winter  mulch  of  decaying  herbage,  though  in  both  cases 
there  is  a  decided  loss  of  fertility  over  what  would  result  by  following 
the  peas  with  a  crop  of  rye,  winter  wheat,  the  turf-forming  winter  oats, 
winter  vetch,  or  crimson  clover.  The  yields  of  forage  are  better  on 
rich  soils  than  on  poor  ones,  but  the  beneficial  effects  upon  the  suc- 
ceeding crop  due  to  the  growth  of  the  cowpea  are  not  so  marked  in 
the  former  case  as  in  the  latter. 

METHODS  OF  CULTIYATIOIT  AND  HARVESTING. 

Oowpeas  are  planted  broadcast  or  in  drills,  very  commonly  between 
the  corn  rows  after  the  crop  is  laid  by.  The  amount  of  seed  used 
varies  from  4  quarts  to  2  bushels  per  acre,  the  average  amount  being, 
perhaps,  about  3  pecks.  If  sown  in  drills,  18  to  30  inches  apart,  less 
seed  is  required  than  when  sown  broadcast.  The  seed  will  stand  being 
covered  to  the  depth  of  2  or  3  inches,  but  care  must  be  taken  to  plant 
when  the  ground  is  neither  too  wet  nor  too  cold,  as  the  peas  rot  very 
rapidly  under  such  circumstances.  In  regard  to  excess  of  moisture 
cowpeas  behave  like  beans,  and  in  the  early  stages  delight  in  a  warm, 
mellow  seed  bed.  Much  of  the  failure  that  has  attended  the  attempted 
introduction  of  cowpeas  into  the  Northern  States  is  due  to  planting 
before  the  ground  is  warm  enough.  It  must  be  remembered  that  this 
plant  originated  in  the  Tropics  and  that  when  transi)lanted  to  higher 
latitudes  it  makes  its  best  growth  in  the  hottest  weather.  It  is  even 
more  susceptible  to  cold  and  wet  than  is  corn.  Hence,  proper  delay  in 
planting  will  permit  economy  in  the  use  of  seed.    Where  the  vines  are 


Digitized  by  VjOOQ IC 


11 

grown  for  hay,  the  yield  will  be  larger  if  the  seed  is  planted  in  drills 
and  cultivated  a  time  or  two.  The  yield  of  peas  is  also  larger  when 
only  a  moderate  amount  of  seed  is  sown  and  the  vines  have  more  space 
and  light  and  air  between  them.  It  is  also  heavier  from  late-planted 
vines  than  from  the  very  early  ones.  In  tests  to  determine  the  relative 
value  of  different  named  varieties  it  has  been  found  that,  as  a  rule, 
those  which  make  the  heaviest  yields  of  vines  also  bear  large  crops  of 
peas. 

The  vines  should  be  mowed  for  hay  when  the  peas  are  well  formed 
and  the  leaves  and  pods  are  first  beginning  to  turn  yellow.  After  wilting 
on  the  ground  or  in  windrows  from  twenty-four  to  forty-eight  hours, 
the  hay  is  placed  in  small,  thin  piles,  or  cocks,  and  allowed  to  cure 
for  several  days,  when  it  may  be  carted  to  the  barn  or  stacked  under 
sheds.  The  haymaking  process  is  a  difficult  one,  requiring  more  care 
and  attention  than  in  the  case  of  red  clover,  because  the  broad  leaves 
and  thick  stems  contain  a  larger  amount  of  water.  The  hay  must  be 
placed  in  cocks  before  the  leaves  become  brittle,  and  the  piles  must 
be  small  enough  to  allow  free  circulation  of  air  to  the  center  of  each. 
Bright  cowpea  hay,  clean  and  well  cured,  is  worth  as  much  as  the 
best  red-clover  hay,  and  there  is  no  good  reason  .why  the  Southern 
farmers  and  planters  should  buy  the  Northern  grown  article  for  their 
working  stock  or  for  fattening  their  cattle.  Every  ton  of  hay  used  on 
the  farm  should  be  grown  there.  Another  method  of  curing  hay  is 
to  stack  the  vines  in  a  pen  or  rack  of  rails  or  x>oles  so  arranged  as  to 
allow  the  air  to  enter  every  part  of  the  pile.  This  stacking  over  poles 
is  best  where  the  vines  are  pulled,  or  where  the  trailing  and  creeping 
sorts  are  used.  The  bush  varieties  are  the  best  for  hay,  because  of 
the  greater  ease  with  which  they  may  be  mowed  and  handled.  They 
also  hold  their  leaves  better  than  the  ranker  trailing  sorts.  The  yield 
of  hay  varies  according  to  the  fertility  of  the  soil  upon  which  it  is 
raised,  whether  it  is  grown  on  rich  lowlands  or  on  the  drier  and  more 
sterile  uplands.  In  the  Gulf  States  cowpeas  will  probably  give  an 
average  yield  of  2  to  3  tons  per  acre,  while  4  to  C  tons  are  not  uncom- 
mon. Farther  north  the  average  will  range  from  IJ  tons  in  Ohio  to 
2J  tons  in  Arkansas,  ^lissouri,  and  Tennessee.  As  with  other  crops, 
the  time  of  planting,  the  character  of  the  soil  and  of  the  cultivation, 
and  the  amount  of  rainfall  have  much  to  do  with  the  yield.  Along 
the  Gulf  it  is  one  of  the  best  hay  crops.  North  of  the  latitude  of  the 
Ohio  lliver  it  is  chiefly  valuable  as  an  addition  to  the  list  of  drought- 
resistant,  soiling  crops  and  as  a  crop  that  will  yield  a  considerable 
amount  of  foi  a;;o  on  soil  too  sterile  to  grow  red  clover.  The  commer- 
cial value  runs  from  SO  to  $20  per  ton,  being  governed  by  the  relative 
abundance  of  other  grades  of  hay  and  fodder.  Its  feeding  value  is 
equal  to  that  of  the  bt»st  red  clover,  and  the  hay  ranks  high  in  palata- 
bility  and  digestibility. 
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COWPEAS  FOR  SWINE  AND  CATTLE. 

When  cowpeas  are  planted  for  green  manure,  it  is  an  excellent  prac- 
tice to  turn  bogs  into  the  fielil  about  the  time  that  the  first  peas  are 
ripening.  Young  pigs  thrive  amazingly  on  the  succulent  foliage  and 
well  filled  pods,  and  the  quality  of  the  pork  raised  on  such  a  healthful 
and  nutritious  diet  is  very  fine.  This  is  a  profitable  method  of  fat- 
tening hogs  or  of  preparing  them  for  topping  off  with  corn  or  sor- 
ghum for  market.  An  acre  of  ripening  cowpeas  will  pasture  from 
fifteen  to  twenty  hogs  for  several  weeks,  and  the  gain  in  fertility  from 
the  droppings  of  the  animals  during  that  period  will  more  than  counter- 
balance the  fertilizing  value  of  the  forage  eaten.  The  rapid  increase 
in  weight  will  thus  represent  so  much  clear  profit,  and  the  farmer  is 
richer  by  half  a  ton  or  more  of  prime  pork  for  every  acre  planted. 
Chickens  and  turkeys  also  eat  the  ripe  peas  and  do  well  upon  them. 
Cattle  and  horses  are  sometimes  pastured  on  them,  but  the  safer  and 
more  economical  way  of  feeding  the  green  cowpea  vines  to  such  stock  is 
to  cut  or  pull  and  feed  partially  wilted.  There  will  be  less  waste  and 
destruction  from  trampling,  and  if  each  animal  is  given  only  so  much 
as  it  can  eat  clean,  the  greatest  economy  as  well  as  greatest  profit  will 
result.  Furthermore,  cattle  and  sheep  are  liable  to  bloat  if  allowed  to 
eat  too  ravenously  of  cowpea  vines  or  any  other  rich  and  succulent  for- 
age, and  by  using  it  as  a  soiling  crop  the  danger  may  be  more  readily 
controlled  and  the  loss  prevented.  The  report  has  been  sent  out  from 
some  of  the  Northern  experiment  stations,  where  this  forage  plant  is 
not  ordinarily  cultivated,  that  cattle  will  not  eat  the  green  vines  except 
after  having  been  starved  to  it,  and  then  only  sparingly.  We  have 
seen  Western  horses  and  ponies  that  would  not  touch  red  clover  or  a 
grain  ration  of  oats,  and  Eastern  stock  that  would  not  eat  alfalfa  hay. 
But  these  few  adverse  cases  do  not  prove  that  red  clover,  alfalfa,  and 
oats  are  not  good  forage.  With  the  cowpea  the  case  is  similar.  It 
is  very  rarely  that  any  Southern  planter  reports  that  this  forage  is 
refused  by  any  kind  of  stock. 

COWPEAS  EOR  SILAGE. 

Reports  are  very  confiicting  in  regard  to  the  value  of  this  crop  for 
silage.  There  is  much  positive  testimony  both  for  and  against,  some 
authorities  stating  that  the  quality  is  excellent  and  others  that  the 
vines  contain  too  much  water,  the  product  of  the  fermentation  being 
a  slimy,  foul-smelling  mass,  unfit  for  food  for  any  kind  of  animals. 
From  reports  on  the  subject  it  is  to  be  believed  that  the  attempt  to 
convert  cowpea  vines  into  good  silage  can  not  be  made  with  such 
uniform  success  as  in  the  case  of  red  clover.  The  percentage  of  water 
in  the  tissues  is  too  high,  and  the  mechanical  difficulties  in  the  way 
of  running  a  mass  of  tangled  herbage  through  the  feed  cutter  are  too 
great.    Special  machinery  would  have  to  be  constructed  for  the  pur- 
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pose.  Indian  corn  will  probably  leinaiu  for  many  years  tbe  best  all- 
round  forage  plant  for  tbis  purpose.  Tbe  consensus  of  opinion  among 
agricultural  workers  seems  to  be  that  ensilage  made  from  any  legume^ 
wbetber  it  be  cowpeas,  vetches,  soja  beans,  alfalfa,  or  the  clovers,  does 
not  equal  in  feeding  value  good  hay  made  from  tbe  same.  Under 
certain  conditions  that  arise  in  the  silo  the  crude  protein  is  converted 
into  indigestible  or  insoluble  nitrogenous  compounds,  but  the  losses 
from  this  cause  are  perhaps  no  greater  than  those  that  result  from  the 
careless  handling  of  the  hay  in  the  field,  stable,  and  feeding  pen. 
Good  cowpea  or  clover  silage  is  valuable,  but  either  corn  or  sorghum 
is  far  superior  to  it. 

HARVESTnrO  THE  SEED. 

The  majority  of  farmers  harvest  only  enough  seed  of  cowpeas  to 
plant  again  the  next  season.  The  ripe  pods  are  picked  by  hand  and 
are  stored  in  barrels  until  needed  or  are  thrashed  out  by  machine  or 
with  flails  on  the  barn  floor  during  the  winter.  Sometimes,  if  the 
crop  is  heavy  enough  to  render  it  profitable,  the  vines  are  run  through 
an  ordinary  thrashing  machine  from  which  the  concaves  and  alternate 
teeth  of  the  cylinder  have  been  removed.  But  a  machine  breaks  and 
bruises  more  of  the  seed  than  when  the  pods  are  first  picked  off  by 
hand.  Fully  95  per  cent  of  the  seed  placed  upon  the  market  is  hand 
picked.  The  yield  per  acre  varies  according  to  the  variety  and  the 
method  of  cultivation.  Eight  to  12  bushels  is  a  fair  average  of  the 
amount  that  can  be  obtained  when  the  peas  are  planted  in  the  corn 
rows.  Sown  alone,  broadcast  or  in  drills,  yields  of  from  20  to  35  and 
even,  in  rare  cases,  50  bushels  are  obtained.  The  Black,  Unknown, 
Bed  Hipper,  Clay,  and  Calico  varieties  are  all  heavy  seed  bearers. 
Lady  and  White  Crowder  are  good  for  table  use  and  also  yield  welL 
The  Black-eye,  Bed  Crowder,  and  Whip-poor-will,  or  Speckled,  are 
very  widely  cultivated  and  find  ready  sale.  Those  which  make  the 
largest  growth  of  vines  for  green  manure,  as  a  winter  soil  mulch,  for 
hay  or  soiling  are  the  Unknown,  Bed  Bipper,  Southdown,  and  Clay. 
Whip-poor-will,  Black-eye,  White,  and  Bed  Crowder  ripen  in  from 
twelve  to  fourteen  weeks,  and  hence  are  adapted  to  cultivation  farther 
north  than  the  very  late,  but  ranker  growing.  Unknown,  Wonderful, 
Bed  Bipper,  Black,  and  Gourd  varieties.  The  New  Era  and  Lee  ripen 
seed  in  from  six  to  eight  weeks,  and  hence  are  the  ones  to  recommend 
for  summer-soiling  crops  in  the  upper  prairie  region  of  the  Mississippi 
Valley  or  anywhere  else  that  an  early  maturing  cowpea  is  required. 
This  is  one  of  the  species  of  cultivated  plants  which  is  very  readily 
modified  by  change  of  habitat.  Early  and  late  maturing  forms  may 
be  found  of  every  strain  that  has  been  in  cultivation  for  any  consider- 
able time. 
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THE  FEEDING  VALTJE  OF  COWFEAS. 

The  feeding  value  of  cowpea  hay  is  very  high,  as  shown  by  feeding 
tests  and  chemical  analyses.  Berckmans  states  that  the  well-cured 
hay  is  more  nutritious  than  any  hay  produced  from  grass,  millet,  or  any 
other  plant  used  for  the  purpose,  and  that  one  ton  of  it  will  last  as 
long  as  a  ton  and  a  half  of  the  best  timothy.  One  hundred  pounds  of 
the  green  vines  contain  16.4  pounds  of  total  dry  matter,  of  which  10 
pounds  are  digestible.  One  hundred  pounds  of  the  hay  contain  89,3 
pounds  of  the  total  dry  matter,  of  which  50.7  i)ounds  are  digestible. 
The  digestible  crude  protein  in  the  hay  amounts  to  10.79  pounds  in 
comparison  with  10.58  for  alfalfa,  10.49  for  crimson  clover,  G.58  for  red 
clover,  and  2.89  for  timothy.  The  digestible  carbohydrates  and  fat. 
amount  to  39.91  pounds  in  every  100  pounds  of  cowpea  hay,  38.71. for 
alfalfa,  39.42  for  crimson  clover,  37.01  for  red  clover,  and  45.16  for 
timothy.  The  average  nutritive  ratio*  of  cowpea  hay  is  1:3.9;  of 
alfalfa,  1:3.8;  of  crimson  clover,  1:3.9;  of  red  clover,  1:5.9;  and  of 
timothy,  1: 16.2.  The  green  cowpea  vines  are  more  succulent  than  red 
clover  or  any  of  the  grasses,  containing  less  dry  matter  per  total  weight. 

The  feeding  value  of  the  hay  is  shown  by  the  nutritive  ratio  which 
represents  the  relation  of  the  digestible  crude  protein  to  the  carbohy- 
drates and  extract  matter.  Thus,  for  cveiy  pound  of  digestible  crude 
protein  in  cowpea  hay  there  are  3.9  x)ounds  of  digestible  carbohydrates 
and  fat.  In  order  to  insure  uniform  growth  of  an  animal  and  get  the 
full  feeding  value  of  all  the  constituents  of  a  forage,  the  ration  must 
be  properly  balanced.  The  nutritive  ratio  of  cowpea  hay  is  narrower 
than  can  be  properly  utilized  by  the  animal,  and  to  get  the  full  benefit 
of  all  the  crude  protein  in  the  plant,  hay  or  coarse  fodder  containing 
an  excess  of  the  carbohydrates  must  bo  added  to  the  daily  ration.  A 
practical  farmer,  writing  from  southern  Mississippi,  says  that  excellent 
results  were  obtained  through  feeding  two  parts  of  cowpea  hay  to  one 
part  of  crab  grass  or  timothy,  and  when  using  this  ration  very  little 
grain  was  required,  especially  when  the  hay  contained  much  of  the 
I)ods.  If  cowpea  hay  be  fed  without  the  admixture  of  some  coarse 
forage  or  grass  hay,  a  portion  of  the  protein  will  bo  wasted  through 
inability  of  the  animal  to  digest  and  assimilate  the  whole  amount. 
Cowpea  hay  is  used  on  many  of  the  Southern  sugar  and  rice  planta- 
tions for  the  horses  and  mules,  and  it  is  found  that  work  stock  keep  in 
excellent  condition  upon  it,  requiring  very  little  grain. 

*Th6  numerical  relation  ^vhich  the  protein  of  a  feed  bears  to  the  carbohydrates 
(and  fat  reduced  to  carbohydrates)  ia  termed  its  nutritive  ratio.  Fat  is  multiplied 
by  21  to  convert  it  into  carbohydrates.  If  a  ton  of  feed  should  contain  96  pounds 
of  digestible  protein  and  928  pounds  of  digestible  carbohydrates,  it  would  have  9.6 
times  as  much  carbohydrates  as  protein,  or  1:9.6,  which  is  its  nutritive  ratio. — 

J.  B.  LlNDSEY. 
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FE&TILIZEES. 

It  has  boen  fonnd  that,  as  a  rnle,  it  does  Dot  pay  to  use  high-grade 
commercial  leitilizers  on  cowpeas;  this,  however,  depends  a  good  deal 
on  the  soil  and  on  what  crop  is  to  follow.  It  is  usually  unprofitable  to 
fertilize  with  expensive  nitrogen,  in  the  form  either  of  nitrate  of  soda 
or  of  guano,  and  even  the  organic  nitrogen  of  cotton-seed  meal  does 
not  act  upon  this  crop  as  rapidly  as  upon  cotton  and  the  cereals.  The 
nitrogen  of  the  fertilizers  seems  not  to  ittflaence  the  percentage  of  pro- 
tein in  the  crop,  nnd  the  general  opinion  of  agriculturists  in  the  South 
is  that  it  does  not  cause  a  sufficient  increase  in  yield  of  vines  to  pay 
the  cost.  At  the  Delaware  Station  160  pounds  of  muriate  of  potash 
per  acre  doubled  the  yield  of  vines,  and  .sulx^rphosphate  produced  no 
efiDect.  At  the  Georgia  Station  combinations  of  superphosphate  and 
potash  gave  the  best  results,  but  later  experiments  there  indicated  that 
large  amounts  of  potash  are  unprofitable,  and  that  8uperi)hosphate  at 
the  rate  of  from  200  to  400  pounds  per  acre  gave  better  results.  Super- 
phosphates are  very  much  preferable  to  untreated  rock  phosphate. 
The  latter  can  be  sold  at  lower  rates,  and  it  remains  to  be  seen  whether 
it  would  not  be  a  profitable  niethod  to  apply  the  soft  phosphate  to  the 
cowpeas  for  the  benefit  of  the  succeeding  crop  in  the  rotation,  for  it 
has  been  found  that  the  insoluble  phosphoric  acid  of  the  untreated 
rock  becomes  chan.cfed  to  forms  available  as  plant  food  in  the  presence 
of  large  amounts  of  decayin;T^  vegetable  matter  in  the  soil.  If  it  is 
found  that  this  process  can  be  relied  upon,  then  the  cowpea  will  have 
another  valuable  quality  added  to  it,  namely,  that  of  being  able  to 
change  into  high-grade  and  more  costly  suyierphosphate  tlie  low  grade 
and  cheap  but  unavailable  phosphoric  acid  of  the  untreated  rock. 

The  chief  functions  of  this  crop,  then,  are  to  furnish  large  amounts 
of  nitrogen  abstracted  from  the  air  and  fixed  in  the  roots  and  stubble 
in  a  conveniently  available  form  for  the  use  of  succeeding  crops  j  sec- 
ond, to  produce  a  large  yield  of  vines  and  i)eas  rich  in  digestible  pro- 
tein, which,  either  as  hay  or  for  soiling  purposes,  will  take  the  place  of 
concentrated  nitrogenous  foods;  and,  third,  to  supply  humus,  which 
acts  directly  and  iudiiectly  to  produce  fertility  by  breaking  down  and 
rendering  available  the  basic  minerals  of  the  soil.  The  fertilizing 
value  of  the  nitrogen  in  the  vines  is  entirely  dissipated  or  greatly 
diminished  by  weathering  when  they  arc  left  on  the  surface  of  the  field 
during  the  winter.  Hence,  to  secure  the  full  value,  the  cowi)eas  should 
be  fed  and  the  stable  manure  returned  to  the  field.  If  the  vines  are 
plowed  under  in  autumn,  a  winter  forage  cr»)p,  such  as  winter  oats, 
crimson  clover,  rye,  or  vetches,  should  be  planted  to  prevent  the 
leaching  and  washing  action  of  the  winter  rains. 
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FARMERS'  BULLETINS. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Depabtmbnt  of  Agbioultubb, 

Division  of  Chemistry, 
Washington^  J).  C,  January  5, 1899, 
SiB:  1  have  the  honor  to  transmit  herewith  the  manuscript  prepared 
by  Mr.  A.  A.  Denton,  of  Medicine  Lodge,  Kans.,  on  the  manufacture 
of  sorghum  sirup. 
In  submitting  the  manuscript  the  author  says: 

In  the  foUowiug  pages  the  simplest  means  only,  salted  to  sirup  makers  who  have 
limited  facilities,  are  considered. 

A  considerable  improvement  in  the  quality  of  sorghum  sirup  is  effected  by  remov- 
ing all  suspended  impurities  from  the  juice.  The  impurities  which  neither  rise  nor 
settle,  and  which  are  not  successfully  filtered  out,  injure  the  product.  In  this  article 
the  matter  is  considered,  being  the  first  and  simplest  step  in  the  effort  to  improve  the 
quality  of  sorghum  sirup.  The  consideration  of  the  second  step,  the  removal  of 
soluble  impurities,  is  reserved  for  a«econd  article.  Tbe  removal  of  these  matters  is 
essential  to  the  production  of  a  finished  first-class  table  sirup,  and  it  is  intended  to 
work  experimentnlly  in  tbat  line  the  coming  season,  and  to  test  and  to  develop  the 
most  practicable  process  for  removing  botb  the  solid  and  suspended  impurities,  and 
also  the  soluble  impurities  from  sorghum  juice,  so  as  to  prepare  a  high-grade  table 
sirup,  in  place  of  the  crude  product  which  has  heretofore  been  made. 

Mr.  Denton  has  devoted  many  years  to  the  study  of  the  problems 
connected  with  the  culture  of  sorghum  cane  and  the  manufacture  of 
sirup.  Owing  to  his  large  practical  experience  in  this  work,  this  article 
should  be  of  value  to  the  many  thousand  farmers  who  annually  pro- 
duce sorghum  sirup  for  their  own  use  and  for  local  and  other  markets. 
I  therefore  recommend  that  it  be  published  as  a  Farmers'  Bulletin. 
Eesi)ectfully, 

H.  W.  Wiley, 

Chief  of  Division, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE  MANUFACTURE  OF  SORGHUM  SIRUP. 


DEPINITIOHS. 

The  word  *' sorghum"  has  a  double  meaniug.  It  is  the  name  of  a 
caneproduciug  race  of  plants,  and  it  is  also  often  used  as  the  name  of 
the  sirup  which  is  produced  from  sorghum  canes.  To  avoid  confusion, 
the  words  "sorghum  plant"  and  '^ sorghum  sirup"  are  sometimes  used 
instead  of  "sorghum."  The  words  "  sorghum  plant"  have  also  a  double 
meaning.  Machinists  use  the  word  "plant"  as  a  collective  name  for 
the  apparatus  and  machinery  required  to  do  certain  work.  A  "steel 
plant,"  for  instance,  is  the  name  for  all  of  the  machinery  required  to 
produce  steel,  and  a  "sorghum  plant"  would  be  understood  by  some  to 
be  the  apparatus  required  in  manufacturing  sorghum,  and  by  others 
would  be  understood  to  refer  to  the  sorghum  race  of  plants. 

SORGHUM. 

The  word  "sorghum"  is  generally  understood  to  include  only  the 
sweet,  saccharine,  sugar-producing  varieties  of  canes.  Botanists  include 
in  the  term,  Kafir  corn,  Jerusalem  corn,  rice  corn,  broomcorn,  durra, 
milo  maize,  and  many  other  so-called  nonsaccharine  varieties  of  sorghum. 
These  hybridize,  or  cross,  or  mix  with 'each  other,  and  also  with  the 
saccharine  varieties.  They  are  closely  related  and  belong  to  the  same 
family  of  plants.  All  of  the  "  nonsaccharine"  varieties  produce  more  or 
less  sugar,  having  a  content  of  2  per  cent  and  more  in  the  juice,  merging 
into  the  "saccharine"  varieties,  which  contain  from  10  to  15  per  cent 
of  sugar  in  the  juice.  These  two  classes  of  sorghum  have  no  distinct 
line  of  separation.  A  variety  of  sorghum  may  be  said  to  be  nonsaccha- 
rine when  its  juice  contains  too  little  sugar  for  the  practical  manufac- 
ture of  sugar  or  sirup. 

When  the  juice  of  sorghum  canes  is  clarified  in  the  usual  ways,  and  is 
concentrated  by  evaporation  until  a  gallon  weighs,  approximately, 
11^  pounds,  the  product  is  known  as  sorghum  sirup  or  molasses,  or  as 
"sorghum."  Sugarcane  sirup  made  in  the  same  way  is  known  in 
Louisiana  as  "sirup,"  the  descriptive  words  "sugarcane"  being  well 
understood.  It  is  usually  made  less  heavy  than  sorghum  sirup,  and  is 
of  less  weight  tluin  is  generally  desired  by  sirup  consumers.  When 
reduced  to  a  density  of  11^  pounds  per  gallon,  a  part  of  the  sugar  con- 
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tained  in  the  sirap  is  likely  to  crystallize,  and  tlie  thin  molasses  remain- 
ing after  the  partial  crystallization  of  the  sugar  is  liable  to  ferment. 
Sagar-cane  sirap  and  sorghum  sirup  are  the  concentrated  juices  of  the 
canes,  the  easily  separated  impurities  of  the  juice  being  removed  by 
more  or  less  imperfect  processes  of  clarification,  no  sugar  being  taken 
from  the  sirup. 

MOLA88E8. 

Molasses  is  what  remains  when  more  or  less  of  the  sugar  contained 
in  the  sirup  has  been  extracted.  In  many  parts  of  the  country,  how- 
ever, sorghum  sirup  is  called  molasses.  In  Louisiana  molasses  is 
classed  in  two  kinds — "  O.  K.,"  that  is,  open-kettle  or  open-pan  molasses, 
and  ^^centrifugal"  molasses.  Open-kettle  molasses  is  made  in  the  same 
way  as  sugar-cane  sirup,  but  the  sirup  is  boiled  in  open  pan  to  greater 
density  than  is  usual  in  sugar-cane  sirup.  A  ])art  of  the  sugar  in  the 
sirup  crystallizes  and  is  removed.  The  remaining  molasses  is  then 
reboiled  until  it  is  snflBciently  thick  and  heavy.  As  the  excess  of  sugar 
has  been  extracted,  the  remaining  molasses  can  be  concentrated  to 
greater  density  than  is  usual  in  sugar-cane  sirup,  and  the  final  product 
is  less  liable  to  crystallize  or  to  ferment.  As  it  still  contains  consider- 
able sugar,  this  opeu-kettle  molasses  is  in  active  demand  for  use  as 
human  food.  It  is  often  sold  at  as  high  a  price  or  at  a  higher  price 
than  sugar-cane  sirup  from  which  no  sugar  has  been  taken.  In  the 
market  reports,  sugar-cane  sirup  and  opeu-kettle  molasses  are  not 
infirequently  quoted  before  the  close  of  the  season  with  the  addition  of 
the  words  <^None  in  first  hands.''  It  is  said  that  the  manufacture  of 
sugar-cane  sirup  and  of  open-kettle  molasses  is  in  many  cases  as  prof- 
itable as  the  manufacture  of  sugar,  and  requires  less  capital  and  skill; 
also  that  the  quality  of  sugar-cane  sirup  and  of  open-kettle  molasses 
made  in  small  and  cheaply  equipped  factories  is  fully  equal,  and 
often  superior,  to  that  made  in  costly  factories  which  work  on  a  much 
larger  scale. 

CENTRIFUGAL  MOLASSES. 

Centrifugal  molasses  is  the  poorest  marketable  product  of  sugar 
cane.  It  is  what  remains  when  as  much  sugar  as  possible  has  been 
extracted  from  the  sirup.  It  is  the  residue  of  sugar  manufacture.  It 
contains  but  little  sugar,  and  all  of  the  impurities  left  in  the  juice  by 
imperfect  clarification.  Centrifugal  molasses  has  deteriorated  in  qual- 
ity in  recent  years  because  of  the  improved  method  of  extracting  the 
sugar.  So  much  sugar  is  extracted  that  the  remaining  molasses  is 
often  so  impoverished  that  it  has  little  value.  It  is  sometimes  sold  at 
very  low  prices,  is  fed  to  stock,  fermented,  or  thrown  away.  It  has 
been  proposed  to  bum  it  or  to  return  it  to  the  soil.  Sugar  cane  is 
grown  in  seven  States.  In  those  sections  in  which  but  little  sugar  is 
made  the  molasses  has  a  high  average  value.    The  yield  of  molasses 
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and  its  value  are  lowest  in  the  great  sngar-producing  sections.  The 
reason  is  that  in  the  former  sections  the  molasses  is  the  principal  object 
of  cane  manufacture,  while  in  the  latter  sections  the  molasses  is  sacri- 
ficed in  order  to  obtain  the  greatest  possible  yield  of  sugar. 

In  sugar-cane  sirup  there  is  often  an  undesirable  excess  of  sugar. 
Jn  open-kettle  molasses  the  excess  of  sugar  has  been  removed.  In 
centrifugal  molasses  as  much  sugar  has  been  extracted  as  is  possible. 

In  each  one  of  these  classes  there  is  a  wide  range  in  quality  and  in 
value.  There  are  as  many  as  ten  commercial  grades,  namely,  '*  Fancy," 
*•  Choice,"  '^ Strict  prime,"  '^Good  prime,"  "Prime,"  "Good  fair,"  "Fair," 
"Good  common,"  "Common,"  and  "Inferior."  At  this  writing  sugar- 
cane sirup,  in  its  home  wholesale  market,  New  Orleans,  brings  26  to  28 
cents  a  gallon ;  open-kettle  molasses,  21  to  32  cents,  and  the  medium 
grade,  ^^  (jood  fair,"  25  cents  a  gallon.  Centrifugal  molasses  now  brings 
from  8  to  20  cents,  and  the  medium  grade,  "Good  fair,"  12  to  13  cents 
a  gallon.  In  Northern  wholesale  markets  sorghum  sirup  of  average 
quality  brings  less  than  sugar-cane  sirup,  less  than  open-kettle  sugar 
cane  molasses,  and  ranks  in  the  great  trade  centers  about  the  same  as 
the  middle  grades  of  centrifugal  molasses. 

SORGHUM  SXBUP  AHD  SUOAE^JAlffE  SIEUP  COMPABED. 

The  manufacture  of  sugar-cane  sirup  and  molasses  is  worthy  of  care 
ful  study  by  sorghum-sirup  makers.  It  is  said  that  in  the  manufacture 
of  sugar  from  sugar  cane  or  sugar  beets  from  one  half  to  three-quarters 
of  the  expense  is  in  procuring  the  cane  or  the  beets.  Sorghum  cane  is 
produced  more  cheaply  than  either,  having  13  or  14  pounds  of  sugar 
in  100  pounds  of  the  juice.  When  such  cane  is  properly  utilized  it 
should  be  worth  $2  a  ton  to  the  cane  grower  and  $4  a  ton  to  the  manu- 
facturer, giving  a  profit  to  both.  It  is  possible  to  clarify  sorghum  juice 
of  average  quality  so  as  to  remove  the  impurities  which  give  the  sirup 
its  undesirable  qualities,  and  to  secure  a  product  which  is  as  acceptable 
as  sugar-cane  sirup  or  molasses. 

When  the  impurities  in  sorghum  juice,  which  give  the  sirup  its  unde 
sirable  qualities  and  which  also  hinder  crystallization,  are  removed, 
the  sirup  is  improved  in  quality,  and  also  crystallizes  readily.  When 
first  class  sirup  is  made  from  sorghum  it  is  necessary  to  extract 
the  excess  of  sugar  from  it  and  make  open-kettle  molasses,  as  is 
done  with  sugar-cane  sirup.  This  is  necessary  to  make  the  excess  of 
sugar  in  the  sirup  uncrystallizable,  as  is  sometimes  done  in  the  man- 
ufacture of  sugar-refinery  sirups.  In  an  attempt  to  improve  tbe 
quality  of  sorghum  sirup  by  using  superior  means  for  clarifying  tbe 
juice,  the  writer  made  6,000  gallons  of  sirup,  which  had  6  pounds  of 
sugar  in  each  gallon  and  which  yielded  4  pounds  of  unrefined  sugar 
of  good  quality  from  each  gallon.  But  such  sirup  when  reduced  to 
the  density  required  for  sorghum  sirup  becomes  "mush  sugar,"  which 
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is  a  mixture  of  sugar  and  molasses.  It  can  not  be  relied  on  to  remain 
sirup.  In  this  case,  after  tbe  excess  of  sugar  bad  been  extracted,  the 
remaining  molasses  was  rebelled  to  thick  molasses,  which  was  open- 
kettle  sorghum  molasses.  It  was  sold  at  the  same  price  that  the  sirup 
was  worth  before  the  extraction  of  the  sugar. 

LITTLE  CHANGE  IN  PROCESSES  OF  MAKING  SIRUP. 

The  manufactureof  sugar-cane  sirup  and  of  sorghum  sirup  has  changed 
little  in  the  past  forty  years.  The  processes  now  used  are  essentially 
the  same  as  they  were  then.  A  little  lime,  heat,  a  partial  separation  of 
impurities  from  the  juice  by  skimming  or  settling,  or  both,  and  evapora- 
tion by  open  pan  are  the  means  generally  employed.  This  lack  of  prog- 
ress is  in  striking  contrast  with  the  improvements  which  have  been 
made  in  nearly  all  other  manufacturing  processes  during  the  past  forty 
years.  Improvement  in  sugar-cane  sirup  manufacture  is  much  less  nec- 
essary than  it  is  in  the  manufacture  of  sorghum  sirup,  because  sngar- 
cane  juice  is  naturally  much  purer  than  sorghum  juice.  When  100 
pounds  of  Louisiana  sugar-cane  juice  are  evaporated  to  dryness,  about 
DO  per  cent  of  the  dry  solids  which  were  in  solution  in  the  juice  consist 
of  cane  sugar  and  glucose  and  about  10  per  cent  of  the  dry  residues  con- 
sist of  substances  which  are  neither  cane  sugar  nor  glucose.  In  the  dry 
residues  of  sorghum  juice,  about  75  to  77  per  cent  consist  of  cane  sugar 
and  glucose,  and  nearly  one-fourth  of  the  solids  which  were  in  solution 
consists  of  substances  which  are  neither  cane  sugar  nor  glucose.  Sor- 
ghum juice  contains  fully  twice  as  much  impurity  as  sugar-cane  juice. 
It  is  this  excess  of  vegetable  impurities  which  places  sorghum-sirup  man- 
ufacture at  a  disadvantage.  When  the  excess  of  impurity  is  removed, 
the  disparity  between  sugar-cane  sirup  and  sorghum  sirup  ceases. 
Sorghum-sirup  manufacture  has  declined,  and  must  continue  to  decline, 
unless  purer  juice  can  be  obtained  from  better  varieties  of  sorghum,  or 
unless  the  juice  can  be  made  purer  by  better  clarification. 

The  fact  that  the  quality  of  sorghum  sirup  or  of  sugar-cane  siru])  has 
not  improved  in  the  past  forty  years  is  not  good  cause  for  abandoning 
attempts  to  improve  the  manufacture  of  either.  It  was  sixty-five  years 
after  Margraflf  began  the  manufacture  of  beet  sugar  that  Barruel  dis- 
covered the  carbonatation  process  of  purifying  beet  juice  which  is  now 
successfully  used  in  making  5,000,000  tons  of  beet  sugar  annually.  It 
was  sixty-four  years  after  the  Eussian  chemist  KirchofiT  began  glucose 
manufacture  that  American  glucose  manufacturers  found  the  right 
way  out  of  their  difficulties,  enabling  them  to  produce  at  the  present 
time  1,000  tons  a  day  of  liquid  corn  sirup  and  solid  starch  sugar.  It  is 
now  only  necessary  to  find  the  way  to  purify  sorghum  juice  properly  in 
order  to  quickly  develop  an  extensive  and  profitable  manufacture  of 
sorghum  sirup.  It  is  not  necessary  that  a  great  invention  or  discovery 
should  be  made.  Some  of  the  methods  of  clarifying  saccharine  liquids 
which  have  been  developed  and  successfully  used  by  beet-sugar  makers, 
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caue  sugar  makers,  sugar  refiners,  or  by  glucose  makers  may  be  found 
to  be  also  sulapted  to  the  clarification  of  sorghum  juice.  These  pages 
are  written  with  the  purpose  of  stating  the  facts  and  the  difficulties  of 
sorghum  sirup  manufacture  in  a  general  way,  with  a  hope  of  inducing 
sirup  makers  to  improve  their  processes  rather  than  with  the  intention 
of  assuming  to  state  the  precise  methods  to  be  used. 

STATISTICS  OF  80B0HUM  PEODUGTIOH. 

The  improvement  of  sorghum-sirup  manufacture  is  not  a  small  mat- 
ter, nor  is  it  a  matter  of  merely  local  importance.  The  production  of 
sorghum  sirup  was,  in  18(>0,  6,749,123  gallons;  in  1870, 10,050,089  gal- 
lons; in  1880,  28,444,202  gallons;  and  in  1890,  24,235,218  gallons. 

In  1889,  11  States  produced  over  a  million  gallons  of  sorghum  sirup 
each.  It  was  produced  in  greater  or  less  quantities  in  44  States  and 
Territories.  Missouri,  Tennessee,  Kentucky,  Arkansas,  Texas,  Kansas, 
Iowa,  Georgia,  North  Carolina,  Alabama,  and  Illinois,  in  the  order 
given,  produced  the  largest  quantities,  ranging  from  2,721,240  gallons 
in  Missouri  to  1,110,183  gallons  in  Illinois.  The  report  of  the  Kansas 
State  Board  of  Agriculture  shows  that  in  1890  that  State  produced 
3,431,100  gallons  of  sorghum  sirup,  not  1,484,937  gallons,  as  stated  in 
the  national  census  returns,  thus  placing  Kansas  easily  first  instead  of 
fifth  in  sorghum-sirup  production. 

These  statistics  show  the  adaptation  of  sorghum  to  a  wide  range  of 
conditions  of  soil  and  climate,  scarcely  second  to  that  of  corn.  Sor- 
ghum succeeds  in  semi-.irid  sections  where  corn  often  fails.  Its  culti- 
vation extends  far  to  the  north,  3,890  acres  being  grown  in  Minnesota, 
and  to  the  soutli,  1,755  acres  being  grown  in  Louisiana  for  sirup  produc- 
tion. Its  acreage  is  greatest  in  the  States  of  the  plains,  Kansas 
having  in  1898  nearly  a  million  acres  of  all  varieties,  saccharine  and 
nonsacdiarine. 

The  census  of  1890  shows  that  sorghum  -  sirup  production  had 
declined  as  compared  with  the  census  of  1880  in  thirteen  States  and 
had  increased  in  eight  States.  Generally  the  production  had  declined 
in  1890  about  15  per  cent  from  that  in  1880.  It  is  believed  it  has 
declined  still  further  since  1890.  The  conditions  of  sorghuni-sirup 
manufacture  in  1899  disappoint  the  hopes  that  were  cherished  in  the 
years  1850  to  1880.  In  order  to  bring  prosperity  to  this  declining 
industry,  it  is  necessary  to  improve  the  method  of  manufacture  so  as  to 
produce  a  first-class  finished  table  sirup,  which  will  be  in  demand  by  all 
classes  of  people,  instead  of  the  crude,  acid,  turbid,  rank-flavored,  and 
dark-colored  sorghum  which  is  often  made  by  the  primitive  processes 
now  used. 

SOBGHUM  nr  SEMIAEID  SECTIOHS. 

In  recent  years  the  acreage  of  sorghum  has  immensely  increased  in 
the  semiarid  sections  of  the  West.    The  ability  of  sorghum  to  endure 
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drought  is  a  very  valuable  quality  of  the  plant,  for  it  enables  it  to  live 
where  other  plants  often  ])erish.  Sorghum  was  brought  to  this  country 
firom  the  arid  sections  of  Asia  and  Africa,  and  it  has  the  ability  which 
is  found  in  plants  in  arid  sections  to  suspend  growth  when  moisture  is 
lacking  and  to  renew  growth  when  rains  come.  But  the  sorghum- 
sirup  manufacturer  in  semiarid  sections  has  more  need  for  efficient 
means  for  removing  impurities  from  the  juice  than  those  in  more  uni- 
form climates.  The  caues  are  at  times  wilted  and  drooping,  the  juice 
containing  from  one-fifth  to  one-fourth  of  its  weight  of  solid  matter. 
Impurities  often  do  not  settle  well  from  such  dense  juice.  When  rains 
come  the  canes  renew  their  growth.  The  juice  is  then  loaded  with 
vegetative  matter,  which  often  neither  rises  well  as  scum  nor  settles 
well  as  sediment.  Intermittent  growth  of  the  canes  caused  by  drought 
and  food  often  impairs  the  quality  of  the  sirup  which  is  produced  in 
the  semiarid  sections.  As  a  rule,  the  sirup  produced  in  such  localities 
is  inferior  in  quality  to  that  produced  in  more  regular  climates,  where 
the  canes  are  subjected  to  fewer  droughts  and  floods.  All  sorghum- 
sirup  makers  need  more  efficient  means  for  purifying  the  juice.  The 
sirup  makers  in  the  semiarid  sections,  in  which  the  largest  acreage  is 
grown,  have  especial  need  for  better  separation  of  the  excessive  amount 
of  vegetative  impurities  which  their  sorghum  juice  often  contains. 

There  seem  to  be  two  ways  in  which  the  quality  of  sorghum  sirup 
may  be  improved.  The  first  is  the  selection  of  varieties  of  sorghum 
which  yield  purer  juice,  or  which  yield  impurities  which  are  less  objec- 
tionable or  which  may  be  more  easily  removed  from  the  juice.  The 
second  way  is  the  use  of  more  efficient  processes  for  purifying  the  juice 
or  the  sirup. 

IMPBOVED  VAEIETIES  OF  SOBGHUM. 

There  are  many  hundreds  of  varieties  of  sorghum.  They  diflFer  in 
external  qualities,  such  as  size,  height,  yield  of  seed,  color  of  seed  top, 
time  of  maturing,  etc.  They  also  differ  in  quality  of  juice,  such  as  the 
amount  of  sugar  contained  and  the  percentage  of  glucose,  and  they 
probably  also  differ  in  the  nature,  kind,  or  quantity  of  impurities  con- 
tained in  the  juice.  In  the  numerous  varieties  of  sorghum  which  are 
known  there  are  surely  a  few  which  are  preeminently  adapted  to  sirup 
manufacture.  There  are  many  varieties  of  the  maple  tree — one,  the  rock 
maple,  is  esteemed  as  the  best  for  maple-sirup  manufacture.  There  are 
many  varieties  of  the  palm  tree — one,  the  sugar  palm,  is  considered 
the  best  for  sirup  or  sugar  manufacture.  The  "  Creole"  cane  in  Louis- 
iana is  considered  the  best  for  some  uses,  and  some  other  varieties 
the  best  for  sugar  manufacture.  It  seems  evident  that  all  varieties 
of  sorghum  are  not  exactly  alike  in  any  respect,  and  that  a  few  are 
certainly  superior  for  sirup  manufacture.  There  are  many  kinds  of 
sorghum  which  have  never  been  tested  properly,  in  a  strictly  compar- 
ative way,  in  sirup  manufacture.    Gardeners,  grain  and  fruit  growers^ 
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and  florists  know  that  the  planting  of  certain  varieties  is  essential  to 
success  and  there  is  a  general  agreement  among  them  in  regard  to  the 
best  ones.  There  is  no  such  general  agreement  among  sorghum-sirnp 
makers  in  regard  to  the  best  kinds  for  their  purposes,  except  that 
early-matoring  canes,  the  Early  Amber  for  instance,  are  best  in  sec- 
tions where  the  growing  seasons  are  short.  The  writer  obtained  200 
samples  of  sorgham  sirnp  from  twenty  States,  with  statements  in  regard 
to  the  varieties  preferred,  soils,  and  methods  of  manufacture  used.  Ko 
satisfactory  conclusions  could  be  formed  from  these  samples  or  state- 
ments. 

When  varieties  have  been  chosen  for  sugar  or  for  sirup  manufacture, 
for  grain  or  seed  production,  for  forage  or  for  broom  making,  they 
may  be  much  improved  by  the  selection  of  seed  from  the  best  plants. 
Sorghum  responds  quickly  to  efforts  made  to  improve  it  by  the  selec- 
tion of  seed.  It  was  imported  from  countries  in  which  selections  for 
quality  of  juice  had  not  been  made.  In  an  undeveloped  plant  or  race 
of  animals  the  first  improvement  caused  by  selection  is  often  rapid, 
and  the  last  improvement  is  slow,  as  it  nears  the  limit  of  improvement. 
When  a  plant  is  transferred  to  another  country,  as  was  the  case  with 
sorghum,  it  often  varies  to  meet  the  new  conditions,  and  thus  new, 
often  superior,  varieties  are  produced.  This  is  true  of  the  apple,  the 
grape,  the  chrysanthemum,  and  many  other  plants.  The  best  of  these 
for  this  country  are  American  varieties  which  sprung  Itom  those  which 
were  imported.  These  are  sometimes  superior  on  American  soil  to 
those  from  which  they  sprung  on  their  native  soil.  The  same  will 
doubtless  be  true  of  sorghum  when  selections  have  been  made,  as  has 
been  done  with  other  plants. 

EXPEEIMEHT8  BT  THE  DEPAETMENT  OF  AGRICULTUER 

In  the  years  1888-1893  the  Department  of  Agriculture  experimented 
in  the  improvement  of  sorghum  cane  for  sugar  manufacture  by  the 
selection  of  varieties  and  seed  from  single  canes  of  superior  quality. 
In  reviewing  the  results  Dr.  H.  W.  Wiley,  Chemist  of  the  Department, 
said:  '^The  data  indicate  most  clearly  a  gradual,  in  some  cases  a  rapid, 
improvement  in  a  larger  quantity  of  sucrose,  a  smaller  quantity  of 
glucose,  and  in  a  higher  purity." 

EXPEEIMEHTS  BT  THE  KANSAS  STATE  EXPEBIMEHT  STATIOH. 

The  Kansas  State  Experiment  Station  also  attempted  the  improve- 
ment of  sorghum  cane  for  sugar  manufacture  by  the  selection  of  seed. 
The  results  are  stated  as  follows: 

The  work  in  seed  selection  has  heen  in  progress  five  years  and  has  been  attended 
with  a  constant  improvement  in  the  quality  of  sorghnm.  Indeed,  it  seems  that  the 
plant  may  he  modified  in  almost  any  desired  direction. 
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VARIETIES  OF  SORGHUM  SELECTED  FOR  SUGAR  MANUFACTURE. 

Ill  five  years  of  experimenting  in  improving  varieties  of  sorglium  for 
sugar  manufacture  five  were  selected  wbich  contained  much  more 
sugar  in  the  juice  than  the  common  canes.  Sorghum  has  been  and 
may  be  improved  for  sugar  manufacture.  It  may  also  be  improved 
for  sirup  manufacture.  The  varieties  selected  for  sugar  manufacture 
were : 

The  Collier,  imported  from  South  Africa.     It  is  tbe  best  or  one  of 


Fio.  1.— Seetl  headg  of  the  Collier  variety  of  sorgbum. 

the  best  varieties  for  sugar  manufacture,  having  a  very  high  percent- 
age of  sugar  and  a  low  percentage  of  glucose  or  uncrystallizable 
sugar  in  the  juice.  It  does  not  yield  seed  abundantly,  nor  are  the 
canes  large,  averaging  about  a  pound  in  weight.    Though  slender, 
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canes  of  this  variety  are  believed  to  be  tangled,  broken,  or  prostrated 
by  wind  storms  less  often  than  other  canes.  There  are  some  who 
believe  it  to  be  one  of  the  best  varieties  for  forage. 

The  Amber- Orange  originated  in  a  cross  between  Early  Amber  and 
Kansas  Orange.    This  cane  was  tested  for  Ave  years  by  the  Kansas 
State  Experiment  Station,  and  was  considered  one  of 
the  best  for  sagar  manufactare.    It  does  not  produce 
seed  abundantly. 

The  Colman,  also  a  cross  between  Early  Amber 
and  Kansas  Orange,  is  generally  preferred  because 
it  produces  canes  of  good  size,  not  tall,  with  juice 
of  good  quality,  and  also  produces  seed  abundantly. 

Variety  161  originated  in  a  cross  between  Early 
Amber  and  Link's  Hybrid.  The  canes  are  tall  and 
slender,  which  is  a  fault  derived  from  Link's  Hybrid. 
It  ripens  rather  early,  much  earlier  than  Link's 
Hybrid.  Its  juice  remains  good,  ordinarily,  long 
after  the  canes  are  ripe,  though  standing  uncut  in 
the  field.  The  juice  has,  on  an  average,  as  large 
content  of  sugar  as  the  average  juice  of  Louisiana 
sugar  cane,  and  much  less  glucose  or  uncrystallizable 
sugar. 

Folgerh  Early  is  also  a  cross  between  Early  Amber 
and  Link's  Hybrid.  It  ripens  not  long  after  Early 
Amber  and  remains  good,  standing  uncut  in  the 
field,  much  longer  than  Early  Amber.  It  yields 
more  cane  and  more  seed  per  acre  than  Early  Amber. 
It  is  considered  the  best  early-maturing  variety  for    Ym.  2.-seed  head  of 

general  planting.  Amber  Orango  sor- 

The  Early  Amber  variety,  a  quick-maturing  cane,       ^^"™* 
is  liked  better  in  the  North  than  in  the  South.    It  is  the  best  variety 
for  early  ripe  cane  or  for  late  planting,  and  for  sections  in  which  the 
growing  season  is  very  short. 

NEED  OF  SYSTEMATIC  SELECTION  OF  VARIETIES  OF  SORGHUM 
SXJITABIiE  FOR  SIRUP  MANUFACTURE. 

It  is  believed  that  in  five  years  of  similar  tests  of  all  obtain- 
able varieties  of  sorghum,  and  of  many  crosses  and  variations,  five 
varieties  could  be  selected  and  developed  which  would  be  as  much 
superior  for  sirup  manufacture  as  are  the  above-named  for  sugar 
manufacture. 

Those  who  grow  cane  mainly  for  the  seed  or  grain  have  very  gen- 
erally selected  Kafir  corn,  a  nonsaccharine  variety  of  sorghum,  as  being 
the  best  for  their  purpose.    The  Dwarf  and  the  Standard  varieties  of 
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broom  corD,  also  nonsaccharine  varieties  of  sorghnm,  have  been  selected 
by  manufacturers  of  brooms,  as  being  decidedly  superior  to  all  others 
for  their  purpose.  Those  who  grow  sorghum  for  forage,  for  "stover,'' 
or  "roughness,"  and  also  those  who  grow  sorghum  for  sirup  manufacture 
have  not  yet  learned  which  kinds  of  sorghum  are  superior  for  their 
purposes.  Selections  for  sirup  manufacture  should  be  made  by  testiug 
on  a  small  scale,  in  a  strictly  comparative  way  in  the  laboratory,  all 
obtainable  varieties,  and  by  again  testiug  in  a  practical  way  those 
which  seem  best.     Such  experimental  work  would  doubtless  benefit 


Fio.  3.— Seed  heads  of  the  Col  man  variety  of  sorfi^ham. 

those  who  produce  the  twenty  million  or  more  gallons  of  sorghum 
sirup  now  produced  annually  in  this  country,  and  would  also  benefit 
those  who  consume  the  sirup. 

At  the  present  time,  it  is  impossible  to  say  which  varieties  of  sor- 
ghum are  best  for  planting  for  sirup  manufacture.  Those  which  have 
been  selected  as  best  for  sugar  manufacture  are  not,  perhaps,  best  for 
producing  sirup.  The  McLean  variety,  for  instance,  is,  by  chemical 
analysis  of  the  juice,  one  of  the  best  for  sugar  manufacture,  but  its 
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juice  has  often  if  Dot  always  an  unpleasant  flavor,  and  the  sirup  is  of 
poor  quality.  Varieties  which  are  best  for  sugar  making  are  quite 
likely  to  give  sirup  which  crystallizes  or  grains  readily.  This  is  desired 
by  sugar  makers  but  not  by  sirup  makers. 

PEEPAEnra  the  soil,  PLAvrnra,  ahd  gultivatioh. 

Sorghum  is  so  extensively  grown  over  a  wide  area,  and  in  such 
different  conditions  of  soil  and  climate,  that  quite  a  variety  of  methods 
of  growing  the  canes  are  employed.     In  the  semiarid  sections  of  the 


Fig.  4.— Seed  beads  of  Folger's  Early  variety  of  sorgham. 

West,  where  most  of  the  sorghum  is  grown,  the  greater  part  is  '*  listed." 
A  double- moldboard  plow  with  a  planting  attachment  is  used  to  make 
furrows  the  proper  distance  apart  for  the  cane  rows,  throwing  up  ridges 
between  the  furrows  and  planting  the  seed  at  or  near  the  bottom  of 
the  furrows,  considerably  below  the  level  of  the  field.  In  some  sections 
of  the  South  cane  is  planted  upon  ridges,  above  the  level  of  the  field, 
in  order  to  secure  drainage.  In  other  sections  the  laud  is  plowed,  har- 
rowed, and  the  seeds  planted  at  the  level  of  the  surface.  Those  who 
"list"  believe  that  method  is,  for  them,  the  chea[)est  way  to  prepare 
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the  Boil  and  plant  the  seed;  and  that  it  is  easier  to  cultivate  the  crop, 
the  soil  being  worked  down  to  the  canes  by  the  cultivations,  so  that 
when  the  crop  is  '^laid  by"  the  canes  are  on  the  level  or  are  but 
slightly  hilled.  They  also  believe  that  this  method  utilizes  scanty 
rainfall  better,  the  water  flowing  to  the  canes  instead  of  away  from 
them,  as  ha|)pens  when  the  canes  are  hilled.  It  is  more  difficult  to 
keep  the  rows  of  cane  free  from  weeds  when  planted  above  the  level  of 
the  soil.  Planting  the  seeds  at  the  level  of  the  field  is  safer  than 
listing,  because  sorghum  is  small  and  grows  very  slowly  in  its  first 
weeks,  and  when  the  seeds  are  placed  below  the  level  the  plants  are 
liable  to  be  covered  by  sand  or  dust  storms,  or  by  flooding  rains.  Sor- 
ghum should  be  planted  and  cultivated  as  is  best  for  com  in  any  given 
locality.  More  care  is  needed  in  the  first  cultivation  to  work  close  to 
the  rows  and  to  avoid  injuring  the  "stand'' by  covering  the  plants, 
than  is  considered  necessary  for  corn. 

The  rows  of  cane  are  usually  3  feet  6  inches  or  3  feet  8  inches  apart, 
and,  in  order  to  give  room  for  full  development  of  the  canes,  the  plants 
should  be  not  less,  generally,  than  4  inches  apart  There  are  few  who 
"check  row'' sorghum  and  cultivate  in  two  directions  crosswise.  There 
are  some  who  prefer  to  have  the  rows  4  feet  apart  and  to  have  the 
canes  6  inches  apart  in  the  rows.  In  the  West,  thinning  the  plants 
to  a  proper  stand  is  seldom  done.  Usually,  thinning  is  Insufficiently 
done  and  the  canes  are  too  close  together  for  the  best  development. 
Such  canes  suflfer  more  from  drought  than  when  rightly  planted.  It  is 
believed  that  nothing  is  gained  by  very  early  planting,  and  that  it  is 
better  not  to  plant  until  the  soil  is  warm  and  the  weeds  have  started. 
In  the  West,  two  or  three  cultivations  are  usually  given.  Cane  seed  is 
often  imperfectly  cleaned  for  planting.  No  planting  machine  is  known 
which  plants  trashy  sorghum  seed  correctly  and  regularly.  The  fibrous 
stems  and  imperfectly  thrashed  seeds  remain  in  the  seed  box  and 
hinder  proper  dropping  of  the  seeds.  It  is  better  to  "pan"  the«eeds 
when  planting,  as  gold  diggers  in  placer  mining  "  pan"  earth  and  sand. 
By  giving  the  pan  a  shaking  or  whirling  motion  the  clean  cane  seed  set- 
tles to  the  bottom  and  the  trash  is  then  readily  removed  by  hand  from 
the  surface.  When  sorghum  seed  is  of  mixed  varieties  which  ripen  at 
difierent  times,  the  canes  produced  are  often  unripe,  ripe,  and  overripe 
in  the  same  row.  After  the  canes  have  been  harvested,  examination  of 
the  stubble  often  shows  that  if  there  had  been  fewer  vacant  spaces  in 
the  rows,  fewer  places  where  the  canes  were  too  far  apart  or  too  close 
together — that  is,  if  more  care  had  been  taken  in  the  planting  and  in 
the  cultivation — a  much  larger  yield  of  cane  of  better  quality  for  sirup 
manufacture  could  have  been  had  with  no  additional  expense.  When 
the  cultivation  is  done  at  the  right  times  it  is  often  much  more  eflbctive 
and  more  easily  done  than  when  done  at  other  times.  It  is  not  as  easy 
to  ])lant  sorghum  so  as  to  get  a  good  stand  or  to  do  the  first  cultivation 
well,  cleaning  the  rows,  without  injuring  the  stand,  as  in  growing  corn. 
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GBIHBIira  CANE. 

Tropical  sugar  cane  is  usually  harder  to  griud  than  Louisiana  sugar 
cane.  The  latter,  though  much  larger  and  harder  than  sorghum  cane, 
gives  better  extraction  of  juice.  A  ton  of  average  sorghum  cane  may 
be  made  to  yield  20  gallons  of  sirup.  It  usually  yields  from  10  to  12 
gallons.  Where  cane  is  cheap  and  abundant  it  is  often  considered 
inadvisable  to  greatly  increase  the  extraction  of  juice  by  excessive 
pressure  of  the  canes.  Juice  obtained  by  moderate  pressing  is  purer 
than  that  obtained  by  extreme  pressure,  for  this  extracts  not  only 
more  juice,  but  also  more  impurity  from  the  shell  and  the  joints  of  the 
canes.  With  limited  power,  a  larger  quantity  of  sirup  can  be  made  in 
a  given  time  from  moderately  pressed  cane  than  from  a  less  quantity 
of  cane  subjected  to  greater  pressure.  But  there  is  generally  much 
unnecessary  waste  of  juice  in  grinding  sorghum  cane.  The  rolls  often 
need  to  be  **  turned'' — that  is,  reduced  to  even  diameter,  the  bearings 
need  babbiting,  and  the  rolls  need  to  be  properly  adjusted  to  each 
other.  The  "feed" — that  is,  the  amount  of  cane  in  the  mill  at  one 
time--should  be  light  or  heavy  according  to  the  adjustment  of  the  rolls. 
When  the  rolls  are  set  "open"  the  feed  should  be  heavy;  when  they 
are  set  close  together  the  feed  should  be  thin,  or  light;  but  in  both 
cases  the  feed  should  be  regular  and  uniform.  It  is  evident  that  when 
the  rolls  are  set  "open",  or  apart,  there  is  waste  of  juice  when  the  feed 
is  light,  and  also  that  canes  can  be  well  pressed  though  the  rolls  are 
not  set  close  provided  the  feed  is  heavy. 

HORSEPOWER  MILLS. 

When  a  horsepower  cane  mill  is  set  up  higher  above  the  ground  than 
is  necessary,  a  part  of  the  power  of  the  horse  is  uselessly  expended  in 
twisting  the  "  sweep"  or  lever.  If  it  be  set  too  low,  it  is  inconvenient 
for  work.  The  cap— that  is,  the  casting  to  which  the  sweep  is  attached — 
should  be  about  60  inches  above  the  ground.  The  hitching  point  of 
the  sweep  should  not  be  much  above  or  below  that  used  when  attach- 
ing a  horse  to  farm  implements.  A  double  sweep — that  is,  two  levers 
opposite  each  other,  having  an  evener  or  equalizer  of  rope,  wire,  or 
chain,  passing  over  the  double  sweep — is  better  than  a  single  sweep, 
having  two  horses  working  together.  It  is  better  to  have  the  circle  or 
path  traveled  by  the  horse  of  not  less  diameter  than  25  feet.  A  hori- 
zontal lever  or  sweep,  such  as  is  used  in  miners'  hoists  or  "  whims," 
seems  much  better  than  a  curved  sweep,  the  lever  being  less  in  the 
way  of  the  work.  The  horse  works  under  the  sweep  and  is  attached 
high  up,  only  a  few  links  of  chain  being  used  for  traces,  hence  there  is 
less  loss  of  power.  But  such  attachment  is  more  expensive  in  first 
cost.  A  stiff  sweep  is  said  to  do  better  work  than  one  that  is  flexible. 
A  flrst-class  mill,  well  adjusted  and  properly  fed  with  cane,  is  usually 
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cheaper  and  more  effective  in  the  long  ran  than  a  cheap  mill  which  is 
carelessly  operated. 

It  is  said  that,  for  horsepower,  vertical  mills  which  permit  the  sweep 
to  be  directly  attached  to  the  shaft  of  the  main  roller,  cost  less,  require 
less  power,  last  longer,  and  get  as  good  extraction  of  juice  as  mills 
having  horizontal  rolls.  A  four-horse  mill  is  as  large  as  is  profitable 
for  horsepower.  Larger  mills  should  be  operated  by  steam  or  water 
power.  The  separate  horsepower  cane  mill  seems  to  require  a  large 
excess  of  power.  Two  horses,  or  even  one  horse,  can  be  used  on  a  four- 
horse  mill  when  desired.  It  is  convenient  to  use  a  four-horse  mill, 
grinding  cane  and  settling  the  juice  in  the  forenoon,  evaporating  the 
settled  juice  to  sirup  in  the  afternoon — not  grinding  cane  then — giving 
ample  time  for  well  settling  the  juice,  and  making  night  work  unneces- 
sary. As  much  su*up  can  be  produced  in  this  way  with  the  same  help 
as  can  be  produced  with  a  small  mill  which  grinds  cane  all  day,  fin- 
ishes often  in  the  night,  and  gives  too  little  time  for  proper  clarification 
of  the  juice. 

CLAEIFYnrG  THE  JUICE. 

In  modern  manufactures  there  is  a  marked  tendency  to  the  use  of 
complex  processes  instead  of  the  few  and  the  simple  processes  which 
were  formerly  used.  The  manufacture  of  flour,  for  instance,  was  for 
thousands  of  years  a  very  simple  matter.  Now  a  flouring  mill  is  a 
factory  filled  with  machines,  each  performing  a  part  and  having  a  pur- 
pose unthought  of  in  old  times.  In  the  manufacture  of  sugar-refinery 
sirups,  and  of  glucose,  and  in  purifying  beet  juice  for  sugar  manufac- 
ture, as  many  as  ten  clarifying  processes  are  often  used.  In  the  manu- 
facture of  sugar  from  sugar  cane,  although  that  is  a  comparatively  simple 
matter,  the  juice  is  purified  in  more  ways  than  it  is  in  the  manufacture 
of  sirup.  Sugar-cane  juice  is  filtered  once,  sometimes  twice;  beet  juice 
is  generally  filtered  twice,  sometimes  three  or  even  four  times.  Sugar 
makers  and  refiners  use  all  known  eflFective  processes  in  clarifying  their 
liquids,  yet  they  have  not  so  impure  a  liquid  to  deal  with  as  sorghum- 
sirup  makers.  Their  products  are  superior  and  their  manufacture  is 
successful,  because  they  employ  many  processes  instead  of  the  simple 
processes  which  are  used  in  sorghum-sirup  manufacture.  The  question 
is  often  asked.  What  can  I  put  into  sorghum  juice  so  as  to  make  good 
sirup?  No  single  process  is  known  which  will  remove  all  undesirable 
substances  from  sorghum  juice  at  one  operation.  It  is  said  that  as 
many  as  fifty  substances  have  been  identified  in  beet  juice.  Probably 
sorghum  juice  is  as  complex.  It  contains  a  larger  percentage  of  veg- 
etable impurities  than  beet  juice. 

It  contains  several  classes  or  kinds  of  impurities.  Clarification  of 
the  juice  is  a  process  of  subtraction,  removing  the  various  classes  of 
impurities  by  different  methods.  The  use  of  lime,  neutralizing  natural 
acids  contained  in  the  juice,  helps  to  remove  some  of  the  impurities, 
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while  heat  coagalates  others.  Some  of  them  are  lighter  than  the  jnice 
and  rise  to  the  surface,  and  may  be  removed  by  skimming.  Other 
impurities  are  heavier  than  the  juice  and  settle,  aud  may  be  removed 
by  drawing  off  or  decantiDg  the  clarified  juice,  leaving  the  sediment. 
Some  neither  rise  nor  settle,  and  can  be  removed  only  by  adding 
albuminous  substances,  such  as  milk,  blood,  white  of  egg,  etc.  These 
coagulate  in  the  liquid  and  rise  to  the  surface,  bringing  up  the  impuri- 
ties which  were  suspended  in  the  juice,  and  which  may  then  be  removed 
by  skimming.  Suspended  impurities  may  also  be  removed  by  weight- 
ing them  with  clay,  or  other  suitable  substances,  which  causes  them  to 
settle,  after  which  the  clarified  juice  can  be  removed  by  decantation. 
The  suspended  impurities  may  also  be  removed  by  filtering,  the  filter- 
ing material  allowing  the  juice  to  pass  through,  but  restraining  the 
solid  matters  contained  in  it.  When  all  of  the  solid  impurities  con- 
tained in  sorghum  juice  are  removed  by  skimming,  by  settling,  or  by 
filtering,  there  remains  a  class  of  impurities  in  solution,  and  which  can 
not  be  removed  by  mechanical  means  t)nly.  When  those  which  are  in 
solid  form  aud  those  which  are  in  solution  are  well  removed,  the  sirup 
which  is  produced  is  fully  equal  to  any  cane  sirup  in  the  market.  Im- 
provement in  the  quality  of  sorghum  sirup  is  to  be  looked  for  in  the  use 
of  efficient  processes  for  removing  the  solid  impurities,  and,  also,  the 
impurities  in  solution  in  the  juice,  thus  producing  a  finished  first-class 

table  sirup.  

THE  USE  OF  LIMB. 

Nothing  has  been  found  better  than  lime  for  neutralizing  the  acids 
contained  in  sorghum  juice.  It  is  used  by  all  cane-sugar  and  beet-sugar 
makers  and  sugar  refiners  as  a  necessary  means  for  clarifying  their 
liquids.  The  use  of  lime  in  sorghum  juice  is,  in  some  respects,  quite 
unsatisfactory.  The  juice  is  always  acid,  sometimes  strongly  acid. 
Sirups  containing  all  of  the  acids  naturally  in  sorghum  juice,  "con- 
centrated by  evaporation,  from  6  to  8  gallons  of  juice  to  1  gallon 
of  sirup,  are  too  acid  to  suit  the  great  majority  of  sirup  users,  who 
are  accustomed  to  the  mild,  neutral  sirups  made  by  refiners  and  mix- 
ers. The  acids  also  hold  impurities  of  the  juice  in  solution,  so  that 
these  can  not  be  removed.  Proof  of  this  is  seen  when  sorghum  juice 
is  limed  until  neutral — that  is,  neither  acid  nor  alkaline.  A  part  of 
the  impurities  then  becomes  solid.  By  adding  acid  to  the  juice  these 
solid  impurities  redissolve  and  go  into  solution  in  the  juice  again. 
But  lime  not  only  neutralizes  the  acids;  it  also  attacks  and  degrades 
other  substances  in  the  juice.  A  large  quantity  of  lime  is  used  in 
beet  juice  without  harm.  A  larger  quantity  can  be  used  in  sugar- 
cane juice  with  less  harm  than  can  be  used  in  sorghum  juice.  When 
a  sample  of  sorghum  juice  is  limed  to  excess  on  a  cool  morning  it  is 
seen  that  the  juice  is  not  discolored  when  the  temperature  is  below 
590  F.  It  becomes  slowly  discolored  when  the  temperature  rises  above 
6O0.    It  is  rapidly  discolored  above  80°,  and  is  instantly  discolored  at 
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the  boiliug  point.  This  seems  to  indicate  that  it  is  better  to  lime  the 
juice  when  cold.  Lime  changes  by  keeping,  losing  strength  by  absorb- 
ing carbonic-acid  gas  from  the  air  and  forming  more  or  less  carbonate 
of  lime.  Lime  is  but  slightly  soluble  in  water.  5even  hundred  pounds 
of  water  dissolve  1  pound  of  lime,  and  it  does  not  long  remain  in 
suspension  in  water,  so  that  the  phrases  "milk  of  lime^  or  "cream  of 
lime"  convey  an  indefinite  idea  of  the  amount  of  lime  contained  in  the 
liquid.  Common  lime  is  also  often  made  from  very  impure  limestone. 
As  has  already  been  said,  sorghum  juice  varies  greatly  in  degree  of 
acidity,  sometimes  requiring  much  more  lime  than  at  other  times.  For 
these  reasons  it  is  not  possible  to  form  a  general  rule  for  liming  sor- 
ghum juice,  except  that  after  the  process  the  juice  should  always 
slightly  redden  a  strip  of  blue  litmus  paper  which  has  been  immersed 
in  the  limed  juice.  This  indicates  that  the  juice  is  still  slightly  acid  and 
that  too  much  lime  has  not  been  used.  It  is  unsatisfactory  to  use  too 
little  lime,  diflScult  to  use  the  proper  quantity,  and  the  sirup  is  injured 
when  too  much  is  used.  When  too  little  lime  is  used,  the  clarifica-. 
tion  is  imperfect,  the  juice  is  gummy  and  can  not  be  filtered,  and  the 
sirup  has  a  more  or  less  rank  fiavor.  When  lime  is  rightly  used,  a 
larger  amount  of  impurity  can  be  removed  by  skimming  and  settling 
and  the  sirup  has  a  pleasanter  flavor  and  keeps  better.  The  proper 
liming  of  sorghum  juice  is  so  difficult  that  most  sirup  makers  do 
not  practice  it.  The  few  who  do  take  care  to  employ  too  little  lime. 
This  practical  difficulty  in  properly  neutralizing  the  acids  in  sorghum 
juice  has  long  stood  in  the  way  of  progress  in  sirup  manufacture.  The 
use  of  lime  or  of  an  equivalent  substance  appears  essential  to  the  pro- 
duction of  an  improved  quality  of  sirup.  Glucose  makers  have  a  sac- 
charine liquid  containing  dilute  acid  which  it  is  necessary  to  neutralize. 
They  can  not  use  lime,  because  quicklime  injures  their  liquid,  as  it  also 
injures  sorghum  juice.  They  remove  all  traces  of  the  acid  by  adding, 
at  intervals  of  ten  or  fifteen  minutes,  powdered  carbonat;e  of  lime,  lime- 
stone, marble,  or  chalk,  in  small  quantities,  stirring  the  liquid  slowly 
and  continuously  for  a  considerable  time.  If  its  action  should  be  the 
same  in  sorghum  juice  as  it  is  in  glucose  liquor,  there  would  be  very 
great  advantages  in  using  carbonate  of  lime  instead  of  free  lime.  It 
is  cheap,  used  in  excess  it  is  not  harmful,  and  it  does  not  give  sirup 
the  flavor  which  limed  sorghum  sirup  has.  It  does  not  change  by  keep- 
ing, and  the  acids  could,  practically,  be  more  perfectly  neutralized  than 
can  be  done  by  caustic  lime.  Until  further  experimental  work  has  been 
done,  sorghum-sirup  makers  should  use  lime  sparingly,  about  a  pint  of 
milk  of  lime  (not  cream  of  lime),  like  whitewash,  in  60  gallons  of  juice. 
The  limed  juice,  after  thorough  mixing,  should  slightly  redden  a  piece 
of  litmus  paper.*    It  seems  preferable  to  lime  the  juice  before  heating. 

*Red  and  bine  litmns  paper  can  generally  bo  parchased  at  drag  stores.  Alkaline 
liqnids,  as  lime  water,  turn  red  litmus  blue;  acid  liquids,  as  vinegar,  turn  bine 
litmus  red. 
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SEIMMIHG,  8ETTLIH0,  AND  TILTEBDrG. 

As  a  rale,  sorgham-sirup  makers  are  carefal  to  remove  by  skimmiDg 
the  impurities  which  rise  when  the  juice  is  heated,  but  are  not  careful 
to  remove  by  settling  the  heavier  impurities,  and  they  never  remove  by 
filtration  those  which  neither  rise  nor  settle,  but  remain  suspended  in 
the  juice.  Cane-sugar  makers,  beet-sugar  makers,  glucose  makers,  and 
sugar  refiners,  brewers,  cider  and  wine  makers,  all  pay  much  more 
attention  to  settling  and  filtering.  Sugar  makers  and  refiners  have 
reason  to  hurry  their  processes,  since  sugar  becomes  more  or  less 
nncrystallizable  by  long  standing;  bnt  they  nevertheless  take  time 
enough  to  settle  and  to  filter  their  liquids  well.  Inversion  is  not  detri- 
mental in  sorghum-simp  manufacture,  since  it  hinders  the  sirup  from 
crystallizing.  There  is  a  very  general  impression  among  sorghnm-sirup 
makers  that  it  is  necessary  to"  rush  the  juice."  Thereverseis  true  before 
heating  begins  and  until  fermentation  threatens.  There  seem  to  be 
advantages  in  settling  the  cold  juice  and  removing  starch  grains,  slime, 
and  suspended  matters  at  first  instead  of  cooking  them  in  the  juice. 
There  are  some  impurities  in  sorghum  juice  which  are  insoluble  in 
cold,  but  become  soluble  in  hot  juice.  Starch  is  one  of  these  impuri- 
ties, and  it  is  believed  that  the  soluble  starch  formed  when  starch  is 
heated  in  the  juice  gives  a  peculiar  flavor  to  sorghum  sirup.  Sorghum 
juice  often  does  not  settle  well,  either  when  cold  or  hot.  The  impurities 
which  the  sirup  maker  leaves  in  tbe  sirup  go  to  the  table  of  the  con- 
sumer. It  seems  apparent  that  the  way  to  improve  the  quality  of 
sorghum  sirup  is  to  treat  the  juice  so  as  to  cause  the  impurities  to 
become  insoluble,  and  permit  easy  filtration  or  good  settling.  Then 
skim  off  the  lighter  impurities,  settle  out  the  heavier  ones,  and  remove 
those  which  neither  rise  nor  settle  by  weighting  them,  so  as  to  cause 
them  to  settle,  or  by  adding  some  substance  which  coagulates  and 
causes  them  to  rise,  or  by  filtering  the  juice.  At  present  the  sirup 
makers  generally  have  only  the  simplest  appliances.  They  can  use  only 
the  simplest  processes,  and  only  those  piocesses  of  clarification  will 
be  discussed  here. 

The  most  eflScient  means  for  clarifying  saccharine  liquids  known  con- 
sists in  adding  to  the  cold  juice  some  liquid  substance  which  coagu- 
lates or  becomes  solid  by  heating,  and  then  heating  the  mixture. 
TLe  particles  of  solid  substances  which  are  thus  formed  attract  and 
adhere  to  the  suspended  matters,  and  both  the  added  substance  and 
the  suspended  matters  may  then  be  removed;  or  in  adding  two 
substances  which  combine  in  the  liquid  and  form  a  solid  compound, 
the  particles  of  which  also  attract  and  adhere  to  the  solid  impurities, 
so  that  both  may  be  removed  by  settling  or  filtering.  Beet-sugar 
makers  all  add  lime,  then  inject  carbonic-acid  gas  into  the  juice, 
forming  solid  carbonate  of  lime,  which  is  insoluble  and  which  greatly 
assists  in  the  removal  of  the  impurities.    The  addition  of  lime  and  of 
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carbonic-acid  gas  is  made  twice,  sometimes  three  times,  to  beet  juice. 
At  present  this  method  of  clarification,  which  is  so  successful  in 
clarifying  beet  juice,  is  not  practicable  in  sorghum-sirup  manufacture. 
Cane-sugar  makers  and  sugar  refiners  often  add  lime  and  superphos- 
phate of  lime  to  their  liquids,  forming  solid  phosphate  of  lime  in  the 
juice,  which  attracts  and  adheres  to  the  solid 
impurities  of  the  liquid,  so  that  both  may  be 
removed.    Much  work  has  been  done  on  this 
process  in  sorghum   mauufacture.    It   greatly 
increases  the  purity  of  the  juice,  but  it  requires 
care.    If  too  much  lime  be  used,  the  sirup  is  in- 
jured.   If  too  much  superphosphate  of  lime  or 
acid  phosphate  of  calcium,  as  it  is  sometimes 
called,  be  used,  the  impurities  of  the  juice  redis- 
solve,  the  liquid  is  cloudy,  and  the  sirup  is  too 
acid. 

CLAYING  THE  JUICE. 

The  simplest  practicable  way  of  partially  clari- 
fying sorghum  juice  known  to  the  writer  con- 
sists in  adding  clay  to  it  in  order  to  weight  and 
caiTy  down  the  suspended  impurities  which  do 
not  rise  as  scum,  and  which  settle  slowly  or  not 
at  all.  This  process  is  not  new,  having  been 
used  many  years  ago  in  sugar  cane  and  in  sor- 
ghum manufacture.  It  is  an  imperfect  process, 
but  when  properly  applied  it  gives  better  sirup 
than  merely  boiling  and  skimming  the  juice.  In 
an  extreme  case,  sorghum  cane  taken  from  a  pile 
in  April  gave  impure,  strongly  acid  juice,  the  den- 
sity of  which  was  18°  Brix.  When  limed,  the 
density  was  I8.50  Brix.  After  clay  had  been 
added  and  well  mixed  with  the  juice,  the  density 
was  210  Brix,  and  after  settling  the  density  was 
150  Brix.  Without  the  aid  of  heat  the  process 
had  removed  one-sixth  of  the  total  solids  of  the 
juice.  This  process  requires  the  use  of  a  suita- 
ble clay,  suflBcient  time  for  settling,  and  proper 

'"L\:^l^L7t"'^.X  «^« '"  '^'^P^e  the  settling  tanks  clean,  sweet, 
of  sorghum  juice  and  airup.  and  free  from  fermentation.  The  use  of  lime, 
when  not  in  excess,  is  an  advantage,  but  is 
not  essential.  It  promotes  the  separation  of  the  impurities  of  the 
juice  and  also  facilitates  the  settling  of  the  clay  by  causing  the 
particles  to  *^ flocculate;"  that  is,  to  adhere  together  and  form  com- 
pound grains  which  settle  more  readily.  Usually  a  fair  quality  of 
clay  can  be  found  by  testing  clays  from  different  localities.    It  often 
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varies  much,  in  respect  to  the  fineness  of  the  grains,  within  a  small  range. 
Some  clays  have  particles  so  small  that  they  settle  very  slowly,  leaving 
water  cloudy  for  days.  Such  clays  are  often  almost  impervious  to 
water  and  are  chosen  for  making  embankments  or  dams,  but  require 
much  longer  time  in  settling  from  sorghum  juice  than  coarser  grained 
clays.  The  best  clays  for  settling  juice  seem  to  be  the  brown,  yellow, 
or  gray  varieties,  neither  too  fine  nor  too  coarse  grained,  and  when 
sand  is  present  larger  quantities  should  be  added  to  the  juice.  Many 
clays  consist  of  a  mixture  of  fine  and  of  coarser  grainecl  clays.  The 
coarser  particles  setttle  first  and  the  finer  particles  last,  the  juice 
being  cloudy  longer  than  when  clay  is  used  which  contains  only  the 


Fia.  6.— Settling  tanlcH  for  cold  clarification. 

coarser  grains.  Some  clays  are  of  grains  of  uniform  size  and  such 
settle  clearly,  the  line  between  the  clear  juice  and  the  settling  clay 
being  clearly  defined.  With  such  clay  the  liquid  at  the  surface  can 
be  drawn  off  while  the  juice  a  short  distance  below  the  surface  is  still 
settling;  for  the  settling  is  complete  so  far  as  it  has  progressed.  Ten 
pounds  of  dry  clay,  free  from  sand,  is  usually  sufficient  for  60  gallons 
of  juice,  though  more  may  be  used.  It  is  well  to  moisten  the  clay  a 
few  days  before  using,  so  as  to  soften  hard  lumps,  and  also  to  mix  or 
work  the  clay  to  the  consistence  of  thin  mortar  in  a  box  similar  to 
that  used  in  making  lime  mortar.  It  is  then  distributed  very  quickly 
and  evenly  in  the  juice.  After  adding  the  clay  the  juice  should  be 
stirred  until  the  foam  becomes  white.    Then  the  juice  should  be  left 
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to  settle.    When  cold,  raw  juice  is  treated  with  clay,  three  settling 
tanks  are  needed;  one  tank  being  filled  with  juice  from  the  mill  and 
one  tank  used  for  settling,  while  the  drawing  off  of  the  clear  juice 
goes  on  in  the  third.    Fig.  6  represents  an  arrangement  of  settling 
tanks,  A  A  A  for  cold  settling.    When  lime  is  used,  about  a  pint  of 
milk  of  lime  of  the  consistence  of  whitewash  is  put  in  one  of  the 
settling  tanks,  wliich  is  filled,  or  partly  filled  with  juice,  for  each  50 
gallons  of  juice  contained  in  the  tank  and  well  mixed  with  the  juice. 
The  thin  clay  mortar  is  then  added  and  is  also  well 
mixed  with  the  juice,  stirring  until  the  foam  becomes 
white.    The  juice  is  then  left  to  settle,  and  the  same 
proijess  is  used  for  the  second  and  for  the  third  tank 
as  soon  as  each  contains  enough  j  nice.   When  settled, 
a  swing  pipe  B  is  turned  partly  down  so  that  its  upper 
end  is  below  the  surfaee  of  the  mixture.    The  settled 
juice  near  the  surface  is  then  drawn  off,  leaving  the 
turbid  liquid  and  sediment.    If  desired,  the  sediment 
may  be  emptied  through  the  washout  plug  D  into  a 
tub  beneath  the  settling  tank,  where  it  may  be  re- 
settled.   The  settling  tank  should  then  be  washed 
well  in  order  to  avoid  fermentation,  and  it  would  also 
be  well  to  rinse  the  cleaned  tank  with  clear  lime 
water.    After  turning  up  again  the  swing  pipe  B 
and  replacing  the  washout  plug  D  the  tank  is  again 
ready  to  be  filled. 

It  is  often  difficult  to  see  how  far  settling  has  pro- 
gressed in  the  tanks  so  as  to  know  how  far  the  swing 
pipe  can  be  turned  down  without  drawing  off  unset- 
tled juice.    A  glass  tube,  12  to  18  inches  long,  having 
not  more  than  a  quarter  of  an  inch  bore,  held  in  a 
vertical  x>osition  and  inserted  cautiously,  so  as  not  to 
disturb  the  juice  until  it  reaches  the  bottom  of  the 
settling  tank,  the  upper  end  of  the  tube  being  then 
closed  with  the  finger,  on  being  withdrawn  from  the 
liquid  gives  a  section  of  the  juice  as  it  is  in  the 
settling  tank  and  shows  how  much  clear  juice  may 
be  drawn  from  the  top,  as  illustrated  in  fig.  7,  a.    Or 
a  tall  bottle  of  clear  glass  may  be  filled  with  clayed  juice  as  soon  as 
the  clayed  juice  is  left  to  settle.    The  settling  will  go  on  in  the  bottle 
the  same  as  in  the  tank,  and  will  show  the  proportion  of  settled  juice 
in  the  tank,  as  in  fig.  7,  h. 

Except  in  quite  cool  weather,  it  is  not  well  to  let  juice  stand  over  night 
or  to  leave  the  tanks  uncleaned  at  night.  It  is  well  to  give  the  juice 
plenty  of  time  to  settle* sometimes  one  hour  is  enough;  sometimes 
more  is  required.  The  kind  of  clay,  the  density  of  the  juice,  and  the 
temperature  infiueuce  the  time  required  for  settling. 


Fio.  7 a.  Glass  tub© 

used  to  show  liow  far 
tlio  juice  has  setUed. 
6.  Glass  bottle  used 
for  8ame  purpose. 
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There  are  some  x>ersous  who  prefer  hot  clarification  of  clayed  juice. 
The  ])rocess  is  the  same  as  in  cold  clarification,  except  that  the  juice  is 
first  heated  to  near  the  boiling  point,  the  blanket  of  scum  is  removed, 
and  the  hot  liquid  is  then  clayed  and  settled  as  before,  as  shown  in 
fig.  8.  The  clearing  of  hot  clayed  juice  takes  less  time  than  that  of 
cold.  The  writer  prefers  cold  clarification,  and,  still  better,  both  the 
cold  and  the  hot  clearing,  claying  the  juice  twice,  the  juice  being  clayed 
and  cleared  cold,  as  shown  in  fig.  6,  then  heated,  clayed,  and  cleared 
again,  hot,  as  shown  in  fig.  8.  As  both  clearings  go  on  at  the  same 
time  but  little  more  time  is  required  than  for  either  cold  or  hot  clearing 


Fio.  8.— Settling  tanks  for  hot  clarification. 

alone.  The  sirup  from  juice  which  was  settled  cold,  also  hot,  having 
been  clayed  twice,  is  better  than  that  obtained  from  one  settling,  and 
very  much  better  than  that  obtained  from  juice  which  was  merely  boiled 
and  skimmed  without  settling. 

SETTLDTG  TANKS. 

Shallow  settling  tanks  seem  best.  The  juice  settles  sooner  and  more 
closely  to  the  bottom  than  in  deep  tanks.  They  are  cheaper,  and  also 
easier  to  clean.  Galvanized  sheet  iron  usually  comes  in  sheets  8  feet 
long  and  about  30  to  36  inches  wide.  By  making  a  box  the  exact  size 
of  the  sheet  iron,  from  boards  14  or  16  inches  wide,  and  nailing  the 
sheet  iron  on  for  the  bottom,  a  cheap  and  serviceable  settling  tank 
is  had,  holding  150  gallons  or  more  of  juice.    In  nailing  the  sheet-iron 
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bottom  on,  it  is  better  to  drive  the  nails  far  apart  at  first,  then  divide 
and  subdivide  the  spaces  by  nailing,  and  not  to  begin  nailing  at  one 
point  and  nail  closely  around.  The  reason  for  this  is  that  each  nail 
stretches  the  iron  a  little,  and  when  the  stretch  of  the  iron  is  all  at  one 
place  a  bag,  or  bad  place,  is  found  at  the  finish  of  the  nailing.  The 
washout  opening  D,  fig.  6,  for  cleaning  the  tank,  is  about  2  inches 
square,  tapering  a  little  from  the  outside,  being  a  little  smaller  on  the 
inside,  with  a  well-fitted  plug.  The  swing  pipe  B,  fig.  6,  is  a  contrivance 
for  drawing  the  liquid  from  the  surface.  It  consists  of  a  piece  of 
l^-inch  pipe  about  as  long  as  the  settling  tank  is  deep,  a  l^-inch 
** elbow,'' and  a  "nipple,"  or  short  piece  of  IJ-inch  pipe.  When  con- 
nected together  these  three  pieces  form  a  right-angled  pipe,  the  short 
arm  passing  through  one  end  of  the  settling  tank  as  closely  as  may  be 
to  the  bottom.  The  longer  arm  is  free  to  turn  in  the  elbow,  and,  when 
upright,  extends  above  the  surface  of  the  juice  in  the  tank,  so  that  the 
juice  does  not  escape  through  the  pipe.  When  the  longer  arm  of  the 
pipe  is  turned  down  until  its  upper  end  is  open  to  the  juice  at  the  surface 
the  clear  liquid  may  be  drawn  off  without  disturbing  that  below.  By 
turning  the  long  arm  of  the  pipe  D  down  level  with  the  bottom  of  the 
tank  A  nearly  all  the  juice  flows  out.  It  may  be  drawn  off  with  this 
much  better  and  more  closely  to  the  sediment^  without  disturbance, 
than  can  be  done  by  pouring  or  dipping  out  the  settled  juice. 

It  is  better  to  have  the  swing  pipe  and  the  washout  plug  on  one  end 
of  the  tank.  It  is  well  to  have  the  opposite  end  of  the  settling  tank 
an  inch  higher  than  the  end  which  contains  the  swing  pipe  and  the 
washout  plug,  so  that  the  settled  juice  may  nearly  all  be  drawn  off 
down  to  the  sediment,  care  being  taken  not  to  draw  it  off  farther  than 
it  has  settled.  It  is  not  best  to  make  one  end  of  the  settling  tank  so 
much  higher  than  the  other  that  the  sediment  will  flow  or  glide  to  the 
lower  end  when  drawing  off  the  juice.  The  sediment  should  remain 
where  it  settled  on  the  bottom,  the  clear  juice  draining  from  it  to  the 
the  swing  pipe. 

It  would  be  well  for  those  who  wish  to  test  the  cold  settling  or  the  hot 
settling,  or  both  settlings  of  clayed  juice,  to  try  the  methods  in  water 
or  in  cane  juice  in  a  small  way.  Or,  preferably,  to  dilute  a  pint  of  infe- 
rior sirup  by  adding  5  pints  of  water,  claying,  settling,  and  pouring  off 
the  settled  liquid  and  evaporating  it  to  sirup,  and  compare  it  with  the 
original  sirup.  In  this  manner  maybe  noted  the  differences  in  clays  in 
settling  quickly,  closely,  and  well,  and  also  the  improved  clearness  of 
the  sirup, 

EVAPORATIKG. 

There  is  x>eraap8  no  better  evaporating  pan  for  small  sirup  factories 
than  the  old  "Cook  pan,"  in  which  the  juice  enters  the  pan  at  the  fire 
end  and  passes  continuously  back  and  forth,  in  channels,  across  the 
pan  to  the  finishing  end.    The  ledges  of  this  pan  serve  to  keep  the  bot- 


Digitized  by  VjOOQ IC 


27 

torn  nearly  leveJ,  which  is  au  advantage,  for  it  enables  the  operator 
to  evaporate  a  thin  sheet  of  juice  instead  of  a  larger  quantity.  If  it 
were  i)ossible  to  evaporate  a  film  of  juice  one-fourth  of  an  inch  deep 
without  burning,  it  would  produce  better  sirup  than  would  be  made  in 
a  pan  evaporating  a  sheet  of  juice  3  inches  deep.  The  evaporation  of 
films  of  liquid  is  now  becoming  common,  even  where  the  evaporation 
is  done  in  a  partial  vacuum,  at  low  temperatures.  When  the  juice  has 
been  well  clarified  much  less  skimming  is  required  during  the  evapora- 
tion, and  good  sirup  can  be  made  in  a  plain  pan  which  can  be  removed 
from  the  heat  as  soon  as  the  evaporation  has  been  completed. 

STTPEBHEATIHO  SOBGHUM  JUICE. 

This  method  of  clarifying  seems  to  promise  much  for  sorghum-sirup 
makers.  It  is  based  upon  the  theory  that  a  higher  heat  than  that 
which  is  now  used  in  clarifying  juice,  coagulates  more  of  the  impurities 
of  the  juice;  that  is,  it  gives  a  better  clarification.  In  open  pans  the 
temperature  can  be  raised  no  higher  than  the  boiling  point  of  the  liquid, 
for  heat  passes  off  in  steam,  but  in  closed  vessels  under  pressure,  the 
steam  is  retained,  and  the  juice  may  thus  be  heated  to  any  desired 
degree.  When  juice  is  heated,  some  of  the  impurities  rise  to  the  sur- 
face when  the  temperature  roaches  150^  F.,  more  rise  at  180^,  and  still 
more  rise  when  the  temperature  reaches  212o  It  is  said  that  when 
sugar-cane  juice  is  heated  under  pressure,  that  is,  when  it  is  super- 
heated to  240O  F.,  which  is  about  the  temperature  of  finished  sirup 
when  boiUng  in  open  pans,  it  is  clarified  better,  gives  no  scum,  settles 
more  readily,  and  filters  better  than  juice  which  has  been  heated  to 
2120  F.  only.  It  is  said  that  the  juice  of  sugar  cane  from  new,  rich, 
moist  land  is  often  impure  and  difiicult  to  clarify,  resembling  sorghum 
juice;  and  that  such  juice  is  better  clarified  by  heating  it  under  pressure 
to  a  still  higher  temperature,  as  much  as  270^  F.  It  is  also  said  that 
this  process  is  now  successfully  used  in  Mexico  in  small  factories 
which  work  60  tons  of  cane  in  a  day,  and  also  in  sugar  factories  in 
Louisiana  which  work  1,200  tons  of  cane  a  day.  It  is  further  stated 
that  44  sugar  factories  in  this  and  in  other  countries  are  now  using  this 
new  method  of  clarifying  sugar-cane  juice.  High  heat  accomplishes 
some  things  which  low  heat  fails  to  do,  and  this  method,  superheating 
the  juice,  may  give  better  clarification  of  sorghum  juice.  It  should 
l>e  well  tested,  in  an  experimental  way,  in  sorghum-sirup  manufacture. 

SXTMMAEY. 

The  subjects  discussed  in  the  foregoing  pages  may  be  briefiy  sum- 
marized as  follows: 

Sorghum  is  more  extensively  grown  in  this  country  than  any  other 
simp  producing  plant. 

Its  juice  can  be  made  to  produce  sirup  of  as  good  quality  as  sugar- 
cane sirup,  or  molasses. 
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The  manufacture  of  sorghum  sirup  has  decliued  throughout  the 
country  because  the  quality  of  the  product  is  such  that  other  sirups  are 
preferred  by  the  general  public,  since  it  ranks  in  the  I^orthern  markets 
with  the  middle  grades  of  Louisiana  centrifugal  molasses. 

By  improving  the  quality  of  sorghum  sirup  the  demand  may  be 
increased,  its  value  raised,  and  its  manufacture  extended. 

Improvement  in  the  quality  of  sorghum  sirup  may  be  made  by  select- 
ing varieties  of  sorghum  which  are  best  adapted  to  sirup  manufacture, 
and  also  by  clarifying  sorghum  juice  in  more  efficient  ways. 

Improved  methods  of  clarifying  sorghum  are  needed  in  all  sections 
where  sorghum  is  grown,  but  are  specially  needed  in  the  semiarid  sec- 
tions of  the  West. 

The  planting  and  cultivation  of  sorghum  should  be  such  as  to  allow 
full  development  of  the  canes. 

In  grinding  cane  unnecessary  loss  of  juice  may  often  be  avoided  by 
the  proper  adjustment  of  the  mill. 

The  quality  of  sorghum  sirup  is  determihed  by  the  more  or  less 


Fig.  0.— Tanlcs  for  cold  aod  hot  settling. 

perfect  separation  from  the  juice  of  the  impurities  which  are  solid  and 
of  those  which  are  in  solution. 

The  methods  recommended  are  cold  settling  of  raw  clayed  juice, 
with  or  without  lime,  or  settling  the  heated  juice  with  clay,  and  with 
or  without  lime.  The  method  preferred  is  to  settle  cold,  limed  and 
clayed  juice,  draw  off  and  heat  the  settled  juice,  clay  and  settle  it,  and 
again  draw  it  off,  then  evaporate  it.  These  processes  are  clearly  shown 
in  fig.  9,  the  raw  juice  being  limed,  clayed,  and  settled  cold  in  settling 
tank  A,  the  settled  juice  being  drawn  off  by  the  swing  pipe  E  into  the 
juice  heater  B,  where  it  is  heated  to  near  the  boiling  point  and  skimmed ; 
then  drawn  off  by  the  swing  pipe  P  into  the  hot  settling  tank  0, 
where  it  is  again  clayed  and  settled,  and  the  clear  juice  drawn  off  by  a 
swing  pipe  G  iuto  the  evaporator  or  receiving  tank  D.  The  clarified 
juice  is  then  evaporated  to  sirup.  By  this  method  most  of  the  solid 
impurities  which  were  in  suspension  in  the  juice  are  removed. 

In  fig.  9  the  tanks  A,  B,  0,  and  D  illustrate  simply  the  principle 
of  transferring  the  juice  by  gravity.  In  practice  the  tanks  B,  O,  and 
D  are  separated  from  A  and  are  supplied  with  a  source  of  heat,  either 
steam  or  open  fire. 

Evaporating  the  juice  is  best  done  as  shallow  as  possible  without 
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burning.  It  should  be  done  quickly,  and  the  sirup  should  be  cooled 
as  soon  as  possible.  With  well-clarified  juice  good  sirup  can  be  made 
in  a  plain  pan,  which  may  be  removed  from  the  fire  when  the  sirup  is 
finished. 

Sirup,  or  rather  semisirup,  so  made  can  be  further  clarified  by  an 
additional  process  which  refines  the  semisirup  by  removing  impurities 
in  solution,  so  that  it  is  equal  to  the  best  cane  sirup. 

The  additional  processes  of  clarification  require  further  practical 
experimental  work  to  adapt  them  to  the  use  of  those  who  manufacture 
sorghum  sirup  on  a  small  scale.  It  is  believed  that  a  process  for 
removing  the  impurities  in  solution  in  the  juice,  after  the  solid  impuri- 
ties have  been  removed,  may  be  developed,  aud  that  the  process  may 
be  adapted  to  those  who  manufacture  sirup  on  a  small  -scale,  so  that 
they  may  produce  a  finished  and  first-class  table  sirup  free  from  sor 
ghum  flavor. 

LETTERS  FROM  REPRESEKTATIVE  SIRTTP  MAKERS. 

Mr.  Seth  H.  Kenny,  of  Minnesota,  a  sorghum  sirup  maker  of  forty 
years'  experience,  states: 

I  have  grown  the  MiDoesota  Early  Amber  eighteen  successive  seasons.  We  make 
10,000  to  15,000  gaUons  of  sirup  yearly.  We  grow  cane,  and  also  buy  1,000  to  1,200 
tons  yearly,  at  $2  per  ton.  Last  season  the  average  number  of  gallons  of  sirup  made 
each  day  of  ten  hours  was  415.  In  a  previous  season  we  made  15,650  gallons  from 
94  acres.  The  average  cost  of  growing  cane  and  hauling  it  half  a  mile  to  the  miU 
was  10  cents  per  gallon  of  sirup  manufactured.  The  average  cost  of  making  the 
sirup  was  9  cents  a  gallon.  Two  pounds  of  seed  are  required  for  an  acre.  The 
plants  should  be  thinned.  It  is  important  to  cultivate  cane  weU  when  small.  When 
the  seed  heads  begin  to  turn  brown  I  begin  to  grind.  I  cut  cane  twenty-four  to  forty- 
eight  hours  ahead  of  my  wants.  I  know  nothing  better  than  lime  for  defecation  and 
the  Porter  steam  pan  for  evaporation.  The  lime  is  about  as  thick  as  whitewash  when 
used.  About  1  quart  of  this  milk  of  lime  is  used  in  each  100  gaUons  of  juice.  A 
good  sirup  can  be  made  without  lime — and  probably  nineteen -twentieths  is  manu- 
factured in  this  way — but  the  use  of  a  quart  of  milk  of  lime  in  100  gallons  of  Juice 
is  preferable.  The  use  of  lime  at  the  right  time,  in  the  right  place,  and  in  the  right 
quantity  requires  skill.  It  is  necessary  to  bring  the  juice  nearly  to  a  boil;  skim, 
draw  off  into  the  evaporator^  boil  rapidly,  and  cool  the  sirup  quickly.  The  latter 
should  weigh  11^  to  12  pounds  per  gallon.  The  pan  should  be  well  cleaned  once  a 
day.    The  tanks,  etc.,  should  be  clean  and  sweet. 

Abstract  from  the  letter  of  Mr,  0.  M.  Schwarz,  of  Illinois,  a  sirup 
maker  of  forty  years'  experience : 

I  visited  a  sirup  mill  last  faU.  I  found  the  same  operations  as  forty  years  ago,  and 
sirup  of  the  same  appearance,  but  not  so  good  in  quality.  Canes  from  the  size  of  a 
pencil  to  that  of  one's  thumb,  some  green,  some  ripe,  were  used. 

The  stores  take  the  sirup  in  exchange,  and  do  the  best  they  can  with  it.  Think 
what  the  beet  would  now  be  if  it  had  been  treated  as  sorghum  has  in  the  past  forty 
years. 

My  most  successful  method  of  manufacture  was  to  pass  sulphur  fumes  into  the 
cold  juice  a  short  time  in  the  defecators,  then  hurry  the  boiling.  The  work  done  by 
the  Department  of  Agriculture  in  improving  varieties  of  sorghum  produced  wonder- 
ful results,  as  I  found  by  planting  the  improved  varieties.  I  used  the  Cook  evaporator 
twenty  years.    There  are  no  better  evaporators,  but  a  heater  or  defecator  should 
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also  be  used ;  and  let  the  evaporator  be  made  of  copper.  The  sirnp  maker  can  obtain 
sheet  copper  and  make  his  own  pan.  The  use  of  copper  saves  trouble  in  cleaning; 
it  saves  fuel,  and  besides,  a  bright  pan  produces  a  better  sirup.  The  use  of  clay  has 
been  well  spoken  of.  It  never  was  a  success  with  me.  It  requires  many  tanks. 
The  best  way  to  settle  cold  juice  is  in  a  long  trough  leading  from  the  mill,  so 
arranged  as  to  hofd  back  floating  matter  and  sediment.  It  should  be  washed  out 
twice  a  day.  AH  settling  devices  which  require  time  are  bad;  fermentation  sets  in 
and  the  sirup  is  ropy. 

Densmore  Brothers,  of  Minnesota,  who  have  experimented  much, 
state  in  their  letter: 

Good  defecation  is  important;  evaporation  affords  no  remedy  for  poor  defecation. 
As  it  comes  from  the  mill  the  juice  is  full  of  impurities ;  whatever  of  these  remain 
in  the  sirup  affect  its  quality.  Many  substances  have  been  tried  in  the  defecation 
but  the  invariable  conclusion  is  a  return  to  lime.  It  neutralizes  the  acids  and  cuts 
the  gunmiy  matter.  It  is  a  necessity  to  remove  impurities  from  the  juice  before 
evaporation  begins.  In  defecating,  the  juice  should  be  heated  to  near  boiling,  then 
the  heat  should  be  shut  off  and  the  impurities  be  allowed  to  separate  as  gum  and 
sediment.  Three  defecators  should  be  used;  one  being  filled,  one  settling,  one  being 
drawn  from.  An  automatic  swing  pipe  drains  the  juice  from  near  the  surface  to  the 
evaporator,  where  there  is  a  valve  for  regulating  the  supply.  When  not  in  use  the 
swing  pipes  are  turned  up  to  full  height,  so  as  not  to  act.  The  outlets  from  the  def- 
ecators all  connect  with  a  pipe  which  conveys  juice  to  the  evaporator.  Sorghum 
sirup  is  far  behind  the  times,  and  it  will  not  be  satisfactory  until  sirup  makers  use 
up-to-date  methods. 

Mr.  J.  P.  Wherry,  of  Missouri,  writes  as  follows : 

The  first  time  I  tried  clay  was  in  a  bucketful  of  juice  without  lime.  It  settled 
nicely,  and  I  used  clay  for  some  time  before  I  began  the  use  of  lime.  It  is  best  to 
procure  a  supply  of  clay  before  the  grinding  season.  We  have  a  yellow  clay  with 
gray  streaks,  free  from  sand,  about  3  feet  below  the  surface. 

In  hot  weather  cane  should  be  ground  in  the  morning  and  thejuice.be  converted 
into  simp  before  closing  the  factory  at  night.  In  cool  weather  the  juice  may  stand 
over  night.  The  settling  tanks  should  be  clean  and  not  sour  from  previous  use.  I 
never  had  juice  or  sirup  ropy.  It  is  best  to  slack  half  a  bushel  of  lime  in  a  barrel, 
fill  with  water,  and  use  the  clear  lime  water  to  rinse  the  tanks,  after  washing  them 
clean.  Add  half  a  pint  of  milk  of  lime  and  a  quarter  of  a  bushel  of  clay  to  each  fifty 
gallons  of  juice,  stir  and  mix  well.  Some  lots  of  jiiioe  require  more  stirring  than 
others. 

Mr.  W.  A.  Norton,  of  Iowa,  makes  the  following  statements  in  his 
letter: 

I  have  a  two- horse  mill,  double  sweep,  with  horse  on  each  end,  with  an  equalizer. 
In  the  factory  I  have  three  settling  tanks  with  wooden  sides  and  iron  bottoms,  8  feet 
long,  3  feet  wide,  and  1  foot  deep,  set  up  off  the  ground,  so  that  the  juice  runs  from 
them  to  the  evaporator,  with  back  end  of  the  tank  raised  2  inches,  and  the  outlet 
about  2  Inches  above  the  bottom.  I  use  no  lime  nor  swing  pipe,  only  an  outlet  pipe. 
I  mix  clay  thoroughly  with  the  jiice  and  let  it  settle  one  hour.  I  use  two  pans,  7 
feet  and  9  feet  long,  on  same  arch.  The  juice  is  strained  through  straw  and  wire  at 
the  mill,  and  the  sirup  is  strained  as  it  comes  from  the  pan.  I  can  purify  juice  with 
clay  BO  that  not  more  than  one  pailful  of  scum  will  rise  on  both  pans  in  a  whole  day's 
run.  Clay  is  a  success  in  sorghum  sirup  manufacture  and  does  away  with  the  im- 
purities that  do  not  rise.  My  mill  started  grinding  in  the  uioming,  and  by  the  time 
the  juice  was  settled  I  had  cut  enough  cane  with  a  McCormick  com  harvester  to  run 
for  the  day.  The  only  trouble  was  some  of  my  sirup  sugared.  I  have  made  simp 
over  thirty  years  and  have  made  8,000  gallons  in  one  season. 
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Mr.  Jacob  George,  of  Iowa,  writes: 

I  have  held  my  trade  with  the  same  wholesale  dealer  for  ten  years.  Cane  should 
not  he  planted  until  the  weeds  have  started  well  hefore  plowing.  Fine  the  soil  well, 
plant  in  drills  4  to  6  inches  hetween  canes  and  3  feet  4  inches  between  rows.  Culti- 
vate as  soon  as  the  rows  can  he  followed,  then  give  one  good  hoeing  to  clear  the 
row.    After  this  cultivate  two  or  three  times  with  "  eagle-claw  "  shovels. 

At  first,  when  the  cane  is  very  green,  strip  the  leaves  when  beginning  grinding. 
I  use  the  Folger  steam  pan,  but  no  lime,  clay,  chemicals,  nor  anything  except  cane 
juice.  I  carry  the  juice  3  to  4  inches  deep  in  the  defecator  and  1  to  1^  inches  in  the 
finisher.  Defecating  in  vats  3  to  4  feet  deep  is  enough  to  ruin  juice.  The  less  juice 
and  the  quicker  it  is  finished  the  better.  I  do  not  filter  through  straw,  but  have 
the  juice  fiow  in  a  wide  trough  a  distance  of  40  feet  or  more,  which  allows  much 
sediment  to  settle  before  the  juice  reaches  the  defecator.  The  raw  juice  should  be 
started  to  boil  slowly,  then  increase  the  boiling  and  finish  with  a  violent  boiling, 
using  not  less  than  80  pounds  of  steam,  and  preferably  100  pounds.  The  capacity  of 
my  factory  is  10  barrels  a  day  and  I  shall  double  it  the  coming  season.  I  charge 
10  cents  a  gallon  to  manufacture  sirup  when  the  cane  is  delivered  and  find  it 
profitable.  About  every  cane  mill  here  has  been  in  operation,  and  next  season  will 
see  more  cane  planted  than  ever  before. 

A  simp  and  molasses  dealer,  who  has  long  handled  quantities  of 
sorghum  sirup,  makes  the  following  statements: 

Our  experience  has  been  wholly  in  the  line  of  selling,  not  of  refining  sirups.  Our 
idea  for  a  standard  simp  is  that  it  should  weigh  11^  pounds  to  the  gallon ;  if  heavier 
it  is  liable  to  sugar;  if  lighter,  to  ferment.  It  should  be  bright  in  color,  with  as 
mild  flavor  as  possible.  Any  method  that  will  soften  the  rank  flavor  and  brighten 
the  color  of  sorghum  will  materially  improve  it.  We  think  you  are  working  in  the 
right  direction. 

Another  firm  of  jobbbers  in  sirup  and  molasses  writes: 

Sorghum  has  improved  very  little  since  it  came  into  prominence.  The  fact  worth 
mentioning  is  that  your  State  (Kansas)  produces  sorghum  which  has  an  objection- 
able flavor.  The  be^t  suggestion  we  can  ofl*er  is,  make  the  sirup  as  light  as  possible 
in  color,  of  good  body,  and  guard  against  the  objectionable  flavor. 
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LETTER  OF  TRANSMITTAL. 


TJ,  S.  Dbpabtmbnt  of  Agriculture, 
Division  of  Vegetable  Physiology  and  Pathology, 

Wdshingtonj  D.  G,j  February  15,  1899. 
SiB:  I  respectfully  submit  herewith  a  paper  on  potato  diseases  and 
their  treatment,  and  recommend  its  publication  as  a  Farmers'  Bulletin. 
I  am  indebted  to  Prof.  L.  R.  Jones,  of  the  Vermont  Agricultural  Experi- 
ment Station,  for  valuable  advice  in  the  preparation  of  the  material. 
BespectfdUy, 

B.  T.  Galloway, 

Chief  of  Division. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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POTATO  DISEASES  AND  THEIR  TREATMENT. 


IHTBODITCnOir. 

A  number  of  diseases  affect  the  Irish  potato  in  this  country,  and  the 
losses  they  occasion  are  often  a  serious  drain  on  the  farmer's  income. 
The  object  of  this  bulletin  is  to  briefly  describe  the  most  iniportant 
diseases  and  to  outline  methods  of  treatment  which  experience  has 
shown  to  be  successful  in  holding  them  in  check. 

POTATO  LEAF  BLIGHT,  OB  EABLY  BLIGHT. 

(Altemarim  solani  (E.  &  M.)  Soraner.) 

This  disease  is  widespread  and  destructive.  It  is  confined  to  the 
leaves  and  green  stems,  and  appears  about  the  time  the  tubers  begin 
to  form,  but  may  be  noticed  earlier  if  the  growth  of  the  plants  has 
been  checked  in  any  way.  The  first  indication  of  its  presence  is  the 
appearance  on  the  leaves  of  grayish  brown  spots,  which  soon  become 
hard  and  brittle.  The  disease  progresses  rather  slowly,  the  spots 
gradually  becoming  larger,  especially  along  the  edges  of  the  leaflets. 
At  the  end  of  ten  days  to  two  weeks  half  of  the  leaf  surface  may  be 
brown,  withered,  and  brittle  (fig.  1),  while  the  rest  is  of  a  yellowish 
green  color.  Three  weeks  or  a  month  may  elapse  before  all  the  leaves 
succumb.  The  stems  in  the  meantime  remain  green,  but  they  too 
finally  perish  through  lack  of  nourishment.  The  tubers  stop  growing 
almost  as  soon  as  the  leaves  are  attacked,  and  as  a  result  the  crop  is 
practically  worthless. 

TREATMENT. 

Early  blight  may  be  held  in  check  by  the  application  of  the  fungi- 
cide Bordeaux  mixture.  This  is  prepared  and  applied  as  follows:  Pour 
into  a  50-gallon  barrel  25  gallons  of  clean  water;  then  weigh  out  6 
X>ounds  of  crushed  bluestone,  or  copper  sulphate,  and  after  tying  it 
in  a  piece  of  coarse  sacking  suspend  the  package  just  beneath  the  sur- 
face of  the  water  by  means  of  a  string  tied  to  a  stick  laid  across  the 
top  of  the  barrel.  In  another  suitable  vessel,  such  as  a  tub  or  half 
barrel,  slack  4  pounds  of  fresh  lime.    Slack  the  lime  carefully  by  pour- 

5 


Digitized  by  VjOOQ IC 


6 

Uif^  oil  small  qnantideH  of  water  at  a  time,  the  object  being  to  obtain  a 
smooth,  creamy  liquid,  free  from  grit.  When  the  lime  is  slacked  add 
sufficient  water  to  make  25  gallons.  As  soon  as  the  blnestone  is  dis- 
solve<l,  which  will  require  an  hour  or  more,  pour  the  lime  milk  and 
blnestone  solutions  together,  using  a  separate  barrel  for  the  purpose  and 
stirring  constantly  to  effect  a  thorough  mixing.  It  sometimes  hapx)eiis 
that  suflicient  lime  is  not  added,  and  as  a  result  the  foliage  may  be 
injured.    To  be  certain  that  the  mixture  is  safe,  hold  a  steel  knife  blade 

in  it  for  two  or  three  minutes, 
and  if  the  i>o]ished  surface  of 
the  blade  shows  a  copper- 
colored  tinge  add  more  lime, 
but  if  it  stays  bright  the  mix- 
ture is  safe  to  use.  Applica- 
tion of  the  mixture  should 
begin  when  the  plants  are  4 
to  6  inches  high,  and  should 
be  repeated  at  intervals  of 
twelve  to  fourteen  days  until 
five  or  six  treatments  have 
been  made.  By  adding  8 
ounces  of  Paris  green  to  each 
barrel  of  the  Bordeaux  mix- 
ture a  combined  fungicide  and 
insecticide  is  obtained,  and 
this  will  prevent  the  attacks 
of  the  Colorado  potato  beetle, 
the  flea  beetle,  and  other 
insects.  Before  adding  the 
Paris  green  it  should  be 
mixed  with  a  small  quan- 
tity of  water,  and  when  a 
thin  paste  is  obtained  this 
should  be  thoroughly  stirred 
into  the  barrel  of  Bordeaux 

Flo.  l.—CharactfiriBtlc  appearance  of  loaf  aflfected  with    ar^lnfir^^ 
early  blight. 

The  success  attending  the 
application  of  the  Bordeaux  mixture  depends  in  large  measure  upon 
the  thoroughness  with  which  it  is  applied.  To  reach  all  parts  of  the 
plants  above  ground  with  a  fine  spray  requires  a  good  force  pump  and 
a  suitable  nozzle.  The  knapsack  sprayer,  now  on  sale  in  nearly  every 
section  of  the  country,  will  be  found  one  of  the  most  useful  machines 
for  spraying  fields  of  3  acres  or  less.  For  larger  plantations  more 
powerful  machines  should  be  used.  A  cheap  and  serviceable  appa- 
ratus, well  suited  for  this  work,  may  be  made  by  mounting  a  good, 
strong  force  pump  on  a  barrel,  and  then  placing  the  barrel  and  mounted 
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pump  in  a  light  wagou.  The  entire  outfit,  including  barrel,  pump, 
hose,  nozzles,  operator,  and  boy  to  drive,  may  be  drawn  by  one  horse. 
As  the  wagon  is  drawn  slowly  between  the  rows  the  man  in  the  wagon 
may  operate  the  pump  and  at  the  same  time  keep  the  mixture  stirred, 
while  two  others  on  the  ground  hold  the  nozzles  and  direct  the  spray 
over  the  plants.  The  nozzle  found  to  be  best  suited  to  the  work  is 
the  Vermorel.  This  is  now  offered  for  sale  by  pump  manufacturers 
and  dealers  in  seeds  and  agricultural  implements  in  various  parts  of 
the  country.  Where  there  are  only  a  few  plants  to  treat,  simple 
devices  for  the  application  of  the  fungicide,  such  as  watering  cans,  the 
syringes  used  by  florists,  etc.,  may  be  used. 

POTATO  BLIGHT,  LATE  BLIGHT,  OE  EOT. 

(Phytophthora  iufestana  (Mont.)  de  By.) 

This  disease  attacks  the  leaves,  stems,  and  tubers.  Generally  the 
first  noticeable  effect  upon  the  leaves  is  the  sudden  appearance  of 
brownish  or  blackish  areas,  which  soon 
become  soft  and  foul  smelling.  So  sud- 
den is  the  appearance  of  the  disease  in 
some  cases,  that  fields  which  one  day 
look  green  and  healthy  may  within  the 
next  day  or  two  become  blackened  as 
though  swept  by  fire.  The  rapid  spread 
of  the  disease,  which  is  caused  by  a  par- 
asitic fungus,  is  dependent  in  large  meas- 
ure upon  certain  conditions  of  moisture 
and  heat.  A  daily  mean  or  normal  tem- 
perature of  from  720  to  74^  F.  for  any 
considerable  time,  accompanied  by  moist 
weather,  furnishes  the  best  conditions  for 
the  spread  of  the  parasite.  On  the  other 
hand,  if  the  dail}'  mean  or  normal  tem- 
perature exceeds  77°  for  a  few  days,  the 
development  of  the  disease  is  checked. 
This  fact  explains  why  the  fungus  seldom  2 

occurs  to  any  serious  extent  in  sections  FiQ.2.—L&toh\ight,  due  to  phytophthora 
where  the  mean  or  normal  daily  temper-       »y^,««*;.  ^'  Blight  of  <»•«  ff  ag«;  «. 

*'  ^  discoloration  and  rotting  ot  the  taber. 

ature  exceeds  77°  for  any  length  of  time, 

and  probably  why  it  appears  later  than  the  disease  discussed  under  the 
former  heading.  The  tubers  affected  with  the  disease  show  depressed, 
dark-colored  areas  on  the  surface  (fig.  2  ^),  while  within  are  blotches  and 
streaks  of  a  brownish  or  blackish  color.  Other  diseases  may  produce 
similar  effects,  so  that  in  this  case  the  changes  are  not  so  characteristic 
as  those  shown  by  the  leaves.  For  many  years  it  was  believed  that 
most  of  the  injury  to  the  potato  was  due  to  this  disease,  but  recent 
investigations  have  shown  that  view  to  be  erroneous. 
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TREATMENT. 

The  same  treatment  as  recommended  for  early  blight  should  be  fol- 
lowed here,  and  will  be  found  to  prevent  the  blighting  of  the  tops  and 
rotting  of  the  tubers.  In  regions  where  late  blight  is  known  to  occur, 
care  should  be  taken  to  begin  the  application  of  the  Bordeaux  mixture 
before  the  attacks  of  the  fungus.  In  all  this  work  it  must  be  con- 
stantly kept  in  mind  that  the  main  object  is  prevention  rathei  than  cure. 
Benefit  will  undoubtedly  result  if  only  clean,  healthy  x)otatoes  are  used 

as  seed.  Decayed  and  discolored  tu- 
bers should  be  fed  to  the  hogs,  as  it 
is  poor  policy  to  plant  them. 

BEOWH  EOT. 

(Bacillus  aolanacearum  Smith.) ' 

This  disease  occurs  in  many  parts 
of  the  South,  and,  in  addition  to  at- 
tacking the  potato,  is  found  to  seri- 
ously injure  eggplants  and  tomatoes. 
In  the  case  of  the  potato,  the  leaves, 
stems,  and  tubers  are  affected.  The 
disease  usually  manifests  itself  by  a 
sudden  wilting  of  the  foliage  and 
soon  the  whole  plant  may  become 
affected,  the  leaves  and  stems  shriv- 
eling and  thenturningbrown  or  black 
(fig.  3).  The  disease  reaches  the  tu- 
bers through  the  stems,  producing  a 
brown  or  black  discoloration  of  the 
tissues  and  ultimately  a  com])lete 
breaking  down  or  rotting  of  all  the 

FIG  3.-Brown  rot  of  the  potato:  Willing  of  ^^^       ^^^^^    ^^^    j^    ^^^^^^    ^       ^ 

stem  and  leaves  and  browning  oi  tubers.  *  *^ 

bacillus,  a  minute  organism,  which 
multiplies  in  the  tissues  and  through  its  action  produces  the  effects 
mentioned.  Various  insects,  such  as  Colorado  beetles,  flea  beetles,  and 
blister  beetles,  serve  as  carriers  of  the  disease.  These  insects  may 
feed  on  a  diseased  plant,  and  in  their  visits  to  adjoining  healthy  ones 
infect  the  tissues  through  bites  and  ix)ssibly  in  other  ways. 

TREATMENT. 

Throughout  the  South,  namely,  in  South  Carolina,  Mississippi,  Ala- 
bama, and  adjacent  States  where  this  disease  is  known  to  occur,  a 
thorough  system  of  spraying,  such  as  recommended  for  early  blight, 


'Smith,  Erwin  F.,  Bull.  No.  12,  18l»6,   Divibion  of  Vegetable  Physiology  and 
Pathology. 
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should  be  followed.  In  addition,  all  diseased  vines  should  be  removed 
and  destroyed  as  soon  as  possible,  and  the  tubers  should  be  dug  and 
either  used  at  once  or  stored  in  a  cool,  dry  place.  In  planting  it  would 
be  well  to  avoid  land  which  has  just  been  used  for  tomatoes  or  egg- 
plants, and  finally  seed  tubers  from  localities  where  the  disease  is 
absent  should  be  used  if  practicable. 

POTATO  SCAB. 

(Ootpora  seabiet  Thaxter.) 

Scab  is  one  of  the  most  widespread  diseases  affecting  the  potato. 
Injuries  of  various  kinds  may  produce  a  roughened  surface,  but  it  is 
safe  to  say  that  most  of  what  is  known  as  scab  is  due  to  the  attacks  of 
a  minute  parasitic  fungus,  first  studied  and  described  by  Dr.  Roland 
Thaxter,  of  Harvard  University.    The  effects  of  the  disease  on  the  tuber 


Fig.  4.— Potato  affected  with  scab. 

lire  so  characteristic  that  figure  4  will,  we  believe,  enable  any  one  to 
identify  it. 

TRBATMENT. 

Potato  scab  may  be  successfully  controlled  by  treating  the  seed  pre- 
vious to  planting.  Two  ftingicides  are  used  for  the  pqrpose,  namely, 
corrosive  sublimate  solution  and  formalin  solution.  To  prepare  the 
first,  dissolve  2  J  ounces  of  corrosive  sublimate,  or  bichloride  of  mercury, 
in  about  2  gallons  of  hot  water  and  after  ten  or  twelve  hours  dilute 
with  clear  water  so  that  the  whole  quantity  makes  15  gallons.  Cor- 
rosive sublimate  is  a  poison  and  must  therefore  not  be  placed  where  it 
can  fall  into  the  hands  of  children  or  irresponsible  persons.  To  prepare 
the  formalin  solution,  mix  8  fluid  ounces  of  commercial  formalin  (other- 
wise known  as  40  per  cent  formic  aldehyde)  with  15  gallons  of  water. 

To  treat  the  potatoes  with  the  corrosive  sublimate  solution,  immerse 
them  for  an  hour  and  a  half  in  the  liquid  and  then  spread  out  to  dry. 
17402 2 
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Finally  cut  and  plant  in  the  usual  manner.  A  large  barrel  is  a  con- 
venient receptacle  for  the  solution.  The  potatoes  may  be  placed  in  a 
coarse  sack  and  suspended  in  the  liquid,  care  being  taken  to  wash  the 
tubers  before  dipping,  provided  they  are  very  dirty.  All  treated  tubers 
should  be  planted  in  order  to  avoid  danger  from  the  poison  upon  them. 
It  has  been  shown  that  the  formalin  is  fully  as  effective  against  scab 
as  the  corrosive  sublimate  solution,  and  as  it  is  far  less  dangerous  it 
will  probably  come  into  more  geueral  use.  In  treating  seed  with  this 
preparation  the  whole  potato  should  be  soaked  for  two  hours  in  the 
solution  already  described.  After  soaking,  the  x>otatoes  may  be  dried, 
cut,  and  planted  in  the  usual  way,  care  being  taken  not  to  allow  them 
to  become  contaminated  by  coming  in  contact  with  bags,  boxes,  or  bins 
where  scabby  potatoes  have  been  kept.  In  practice  it  is  found  that  15 
gallons  of  either  of  the  foregoing  solutions  will  be  sufficient  to  treat 
20  to  25  bushels  of  potatoes,  taking  ordinary  precautions  of  course  not 
to  waste  too  much  of  the  fluid  as  each  lot  of  tubers  is  dipped. 

TIF  BUEH,  LEAF  BUEH,  OE  SCALD. 

This  disease  of  the  leaves  occurs  in  many  parts  of  the  country  and 
is  often  confused  with  early  blight.  The  tips  aud  edges  of  the  leaves 
turn  brown  and  these  discolored  areas  soon  become  hard  and  brittle. 

The  burning  or  scalding  may  occur  at  any  time  and  as  a  rule  is  the 
result  of  unfavorable  conditions  surrounding  the  plant.  Long-continued 
cloudy  and  damp  weather  followed  by  several  hot  and  bright  days  is 
very  apt  to  result  in  the  burning  of  the  foliage.  This  is  especially  the 
case  on  soils  carrying  a  comparatively  small  percentage  of  moisture. 
When  the  weather  is  cloudy  and  damp  the  tissues  of  the  potato  become 
gorged  with  water  and  this  has  a  tendency  to  weaken  them.  If  the  sun 
appears  bright  and  hot  when  the  leaves  are  in  this  condition,  there  is 
a  rapid  evaporation  of  the  moisture  stored  up  in  their  cells.  The  evap- 
oration may  be  faster  than  the  supply  furnished  by  the  roots,  and  if 
this  continues  for  any  length  of  time  the  weaker  and  more  tender  parts 
first  collapse,  then  die,  and  finally  turn  brown  and  dry  up.  Tip  burn 
may  also  occur  as  the  result  of  protracted  dry  weather. 

TREATMENT. 

Little  of  a  specific  nature  can  be  said  on  the  treatment  of  this 
trouble.  Numerous  factors  are  involved  in  the  matter,  so  that  only 
general  statements  are  possible.  Every  effort  should  be  made  to  keep 
the  plants  in  good  growing  condition,  for  if  they  become  checked 
through  lack  of  proper  food  or  cultivation  or  both  they  are  more  apt 
to  burn.  It  is  a  fact  that  where  the  Bordeaux  mixture  is  used  for 
other  diseases  burn  is  less  apt  to  occur,  and  this  furnishes  another 
instance  of  the  remarkable  properties  of  the  fungicide.    Briefly,  there- 


Digitized  by  VjOOQ  IC 


11 

fore,  the  plants  should  be  ke])t  as  vigorous  as  possible  by  good  culti- 
vation, plenty  of  available  food,  and  the  application  of  Bordeaux 
mixture,  as  recommended  for  early  blight. 

ARSENICAL  POISONINO  OF  POTATO  LEAVES. 

In  many  sections  where  Paris  green  in  water  is  applied  t/O  potatoes 
injuries  are  produced  which  can  not  be  distinguished  from  early  blight 
by  any  ordinary  examination.  It  frequently  happens,  therefore,  that 
farmers  are  led  to  believe  that  their  potatoes  are  affected  with  early 
blight  and  other  diseases  when  the  trouble  has  been  brought  on  by 
themselves  through  the  improper  use  of  Paris  green.  Injuries  result- 
ing from  the  use  of  this  substance  are  very  apt  to  occur  where  flea 
beetles  have  eaten  the  foliage.  The  arsenic  attacks  the  tissues  at  such 
points,  and  as  a  result  more  or  less  circular  brown  spots  are  produced, 
having  for  their  centers  the  holes  eaten  out  by  the  flea  beetles.  By 
combining  the  Paris  green  with  Bordeaux  mixture,  as  already  described, 
these  injuries  may  be  wholly  avoided. 

GOHGLUDnrO  EEMAEKS. 

The  cost  of  the  work  of  spraying  as  described  here  will  depend  to 
a  considerable  extent  upon  the  kind  of  machinery  used  and  the  price 
paid  for  labor.  With  suitable  apparatus  and  labor  at  $1.50  per  day, 
l>otatoe8  may  be  sprayed  six  times  for  about  $6  per  acre.  This  esti- 
mate is  based  upon  experiments  extending  over  several  years  and 
includes  the  cost  of  chemicals  as  well  as  labor.  The  cost  of  treating 
scab  is  mainly  in  the  labor  involved  in  dipping  and  drying  the  seed 
and  seldom  exceeds  15  cents  per  acre.  Much  attention  has  been  given 
to  the  eflects  of  Bordeaux  mixture  on  the  growth  and  yield  of  potatoes 
aside  from  its  value  in  Steeping  parasitic  foes  in  check.  It  has  been 
shown  conclusively  that  it  pays  to  apply  this  preparation  if  for  no 
other  purpose  than  to  induce  a  more  vigorous  growth.  Three  or  four 
applications  of  the  mixture  have  in  many  cases  increased  the  yield  of 
potatoes  50  per  cent,  so  that  no  matter  where  the  crop  is  grown  or 
whether  diseases  are  present  or  not  the  writer  feels  warranted  in  rec- 
ommending the  application  of  the  mixture  on  the  ground  that  its  use 
will  yield  a  handsome  return. 
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FARMERS'  BULLETINS. 

The  following  is  a  list  of  the  Farmers'  Bulletins  available  for  distribution,  showing 
the  number,  title,  and  size  in  pages  of  each.  Copies  will  be  sent  to  any  address 
on  application  to  Senators,  Representatives,  and  Delegates  in  Congress,  or  to  tlie 
Secretary  of  Agriculture,  Washington,  D.  C. : 
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62. 
63. 
64. 
65. 
66. 
67. 
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Lejnuninous  Plants.    Pp.  24. 

Important  Insecticides.    Pp.  32. 

Barnyard  Manure.    Pp.  82. 

The  Feeding  of  Farm  Animals.    Pp.  82. 

Foods:  Nutritive  Value  and  CJost    Pp.  82. 

Hog  Cholera  and  Swine  Pla^e.    Pp.  16. 

Peanuts:  Culture  and  Uses.    Pp.  24. 

Sweet  Potatoes:  Culture  and  Uses.    Pp.  80. 

Flax  for  Seed  and  Fiber.    Pp.  16. 

Weeds:  And  How  to  Kill  Them.    Pp.  82. 

Souring  and  Other  Changes  in  Milk.    Pp.  23. 

Grape  Diseases  on  the  Pacific  Coast.    Pp.  15. 

Alfalfa,  or  Lucem.    Pp.  24. 

Silos  and  Silage.    Pp.  32. 

Peach  Growing  for  Market    Pp.  24. 

Meats:  Composition  and  Cooking.    Pp.  29. 

Potato  Culture.    Pp.24. 

Cotton  Seed  and  Its  Producta.    Pp.  16. 

Kafir  Com:  Culture  and  Uses.    Pp.  12. 

Spraying  for  Fruit  Diseases.    Pp.  12. 

Onion  Culture.    Pp.81. 

Farm  Drainage.    Pp.24. 

Fowls:  Care  and  Feeding.    Pp.  24, 

Facts  About  Milk.    Pp.29. 

Sewage  Disposal  on  the  Farm.    Pp.  20. 

Commercial  Fertilizers.    Pp.  24. 

Insects  Injurious  to  Stored  Grain.    Pp.  24. 

Irrigation  in  Humid  Climates.    Pp.27.     • 

Insects  AtTecting  the  Cotton  Plant.    Pp.  32. 

The  Manuring  of  Cotton.    Pp.  16. 

Sheep  Feeding.    Pp.  24, 

Sorghum  as  a  Forage  Crop.    Pp.  20. 

Standard  Varieties  of  Chickens.    Pp.  48, 

The  Sugar  Beet.    Pp.  48. 

How  to  Grow  Mushrooms.    Pp.  20. 

Some  Common  Birds.    Pp.40. 

The  Dairy  Herd.  .  Pp.  24. 

Experiment  Station  Work— I.    Pp.  :>l . 

Butter  Making  on  the  Farm.    Pp.  l(j. 

The  Soy  Bean  as  a  Forage  Crop.    Pp.  24. 
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Methods  of  Curing  Tobacco.    Pp.  16. 

Asparagus  Culture.    Pp.40. 

Marketing  Farm  Produce.    Pp.  28. 

Care  of  Milk  on  the  Farm.    Pp.  40. 

Ducks  and  G  Pp.48. 

Experiment   '-^•.n  Work— II.    I»p.32. 

Meadows  a».  9.    Pp.  28. 

Forestry  for ..  Pp.  48. 

The  Black  Rot  of  the  Cabbage.    Pp.  22. 

Experiment  Station  Work— III.    I^.  82. 

Insect  Enemies  of  the  Grape.    Pp.  23. 

Essentials  in  Beef  Production.    Pp.  24. 

Cattle  Ranges  of  the  Southwest.    Pp.  32. 

Experiment  Station  Work— IV.    Pp.  32. 

Milk  as  Food.    Pp.39. 

The  Grain  Smuts.    Pp.  20. 

Tomato  Growing.    Pp.  30. 

The  Liming  of  Soils.    Pp.  19. 


78.  Experiment  Station  Work— V.    Pp.  32. 
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80.  The  Peach  Twig-borer.    Pp.  16. 

81.  Com  Culture  in  the  South.    Pp.  24. 
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83.  Tobacco  Soils.    Pp.23. 
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87.  Experiment  Station  Work— Vni.    Pp.  82. 

88.  Alkali  Lands.    Pp.23. 

89.  Cowpeas.    Pp.16. 
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LETTER  OF  TRANSMIHAL 


U.  S.  DBPAETMBNT  op  AaEICULTUBB, 

Office  of  Expbeimbnt  Stations, 

Washingtony  D.  C,  March  15j  1899. 
Sm:  The  nintli  number  of  Experiment  Station  Work,  prepared 
.  under  my  direction,  is  transmitted  herewith  with  the  recommendation 
that  it  be  published  as  a  Farmers'  Bulletin. 

Bespectfully,  A.  0.  Tbue, 

IXrector. 
Hon.  Jambs  Wilson, 

Secretary  of  Agriculture. 
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EXPEEIMENT  STATION  WOEK-IX/ 


SUGAE  BEETS.OV  ALKALI  SOILS. 

It  is  generally  coDcluded  from  European  experience  that  alkali  lands 
must  be  classed  among  the  soils  least  adapted  to  the  successful  culture 
of  the  sugar  beet.  Although  the  sugar-beet  industry  is  just  beginning 
to  be  established  in  this  country  and  we  have  millions  of  acres  of  land 
whose  adaptability  to  the  growth  of  the  sugarbeet  is  unquestioned,  it 
is  nevertheless  important  to  ascertain  the  possibilities  of  successful 
sugar-beet  culture  on  alkali  soils,  inasmuch  as  the  proximity  of  such 
soils  to  beet-sugar  factories  may  make  them  especially  desirable  as  beet 
fields.  The  existence  of  these  conditions  in  southern  California,  near  the 
large  sugar-beet  factory  at  Ghino,  and  the  fact  that  the  beet  fields  were 
there  rapidly  extended  with  but  little  regard  to  the  presence  of  alkali, 
without  seriously  injuring  the  quality  of  the  beet,  induced  the  California 
Experiment  Station  to  make  a  study  of  the  e£fect  of  different  kinds  and 
amounts  of  alkali  in  the  soil  on  the  growth  and  quality  of  sugar  beets. 

The  investigation  was  made  on  a  10-acre  field  located  on  the  border 
of  a  tract  of  alkali  land.  The  tract  contained  occasional  small  alkali 
spots,  which,  however,  did  not  seem  to  interfere  with  its  natural  growth 
of  wild  grasses  and  sunflowers.  This  soU  was  first  planted  to  various 
grasses  and  legumes,  but  as  none  of  these  gave  promise  of  a  crop  the 
greater  part  of  the  tract  was  again  plowed  and  planted  to  sugar  beets. 
"These  came  up  quickly,  though  with  a  somewhat  thin  stand,  right 
among  the  alkali  efSorescences,  and  cojitinued  to  grow  without  let  or 
hindrance."  The  alkali  salts  did  not  seem  to  affect  the  beets,  although 
they  had  proved  injurious  to  the  grasses  and  legumes.  Different  por- 
tions of  the  tract  had  different  amounts  and  qualities  of  alkali  salts, 
and  to  deduce  definite  conclusions  regarding  the  tolerance  of  the  plants 
for  the  several  mixtures  of  salts  the  tract  was  divided  into  plats  50  feet 
square,  which  were  investigated  separately. 

1  This  is  the  ninth  nnmbor  of  a  snbseries  of  brief  popular  bulletins  compiled  from 
the  published  reports  of  the  agricultural  experiment  stations  and  kindred  institu- 
tions in  this  and  other  countries.  The  chief  object  of  these  publications  is  to  dis- 
seminate throughout  the  country  information  regarding  experiments  at  the  different 
experiment  stations,  and  thus  to  acquaint  our  farmers  in  a  general  way  with  the 
progress  of  agricultural  investigation  on  its  practical  side.  The  results  herein 
reported  should  for  the  most  part  be  regarded  as  tentative  and  suggestive  rather 
than  conclusive.  Further  experiments  may  modify  them,  and  experience  alone  can 
show  how  far  they  will  be  useful  in  actual  practice.  The  work  of  the  stations  must 
not  be  depended  upon  to  produce  ''rules  for  farming.''  How  to  apply  the  results  of 
experiments  to  his  own  conditions  will  ever  remain  the  problem  of  the  individual 
farmer.— A.  C.  True,  Director,  Office  of  Experiment  Stations. 
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The  author  conclades  from  the  results  obtained  that  without  question 
sugar  beets  of  a  good  quality  can  be  grown  on  soil  containing  as  much 
as  12,000  pounds  of  alkali  salts  per  acre  to  the  depth  of  3  feet,  provided 
the  average  percentage  of  common  salt  Is  not  over  0.04  per  cent,  or 
1,500  pounds  per  acre. 

To  find  out  whether  the  sugar  beet  can  be  profitably  grown  on  alkali 
lands,  it  is  recommended  to  those  interested  in  such  lands  to  ascertain 
the  total  amount  of  salts  in  the  upper  3  or  4  feet  of  soil.  This  may  be 
accomplished  by  taking  an  average  sample  of  the  soil  to  that  depth  by 
means  of  a  post-hole  auger  and  having  the  amount  of  soluble  salts  con- 
tained in  it  determined.  A  considerable  portion  of  the  salts  present  in 
the  first  3  or  4  feet  of  the  soil  may  come  to  the  surface  under  cultiva- 
tion and  irrigation  and  may  give  the  soil  the  appearance  of  being  too 
heavily  impregnated  with  alkali  to  grow  beets;  but,  as  these  experi- 
ments indicate,  the  feasibility  of  successfully  growing  sugar  beets 
depends  on  the  total  amount  of  alkali  salts  present  in  this  upper 
stratum,  and  soils  with  marked  alkali  efifiorescences  at  the  sur&ce  may 
be  perfectly  capable  of  profitable  sugar-beet  culture. 

PLAHTIHG  AHD  SEFLAVTIVG  COBV. 

Owing  to  abnormal  weather  conditions,  the  presence  of  insect  ene- 
mies, the  failure  of  the  seed,  and  other  influences,  it  often  becomes 
necessary  to  postpone  the  planting  of  com  or  to  replant  the  crop.  The 
question  which  presents  itself  under  such  conditions  is  how  the  date  of 
planting  affects  the  yield  and  maturity.  Many  of  the  experiment  sta- 
tions have  carried  on  experiments  for  several  years  to  determine  the 
influence  of  the  time  of  planting  com  on  the  jrield  and  maturity  of  the 
crop,  which  have  thrown  much  light  on  this  subject. 

In  experiments  at  the  Indiana  Station  it  was  found  that  the  earliest 
planting  (May  1)  yielded  the  largest  crop  (41  bushels  per  acre),  while 
the  latest  planting  yielded  about  one-fourth  less  (31.7  bushels  per  a^re). 
The  time  required  for  the  crop  to  mature  decreased  as  the  time  of 
planting  was  delayed.  A  delay  of  thirty  or  forty  days  in  planting 
shortened  the  time  required  for  the  com  to  mature  from  two  to  three 
weeks.  At  the  Kansas  Station  the  average  results  of  experiments  in 
this  line  carried  on  for  two  years  showed  that  com  planted  in  the  be- 
ginning of  May  gave  the  best  results,  and  at  the  Illinois  Station  the  aver- 
age results  of  similar  experiments  were  in  favor  of  the  plantings  made 
from  May  4  to  18,  with  tendencies  slightly  favoring  the  later  dates. 

The  experiments  indicate,  therefore,  that  under  favorable  conditions 
there  is  an  advantage  in  early  planting^  but  in  view  of  the  uncertainties 
of  the  weather,  which  is  always  a  controlling  factor  in  the  growing  of 
crops,  these  results  must  be  applied  with  caution  in  practice. 

As  Tracy  ^  has  i>ointed  out,  planting  should  not  begin  too  early  in 
the  season.    <<  Nothing  is  gained  by  putting  seed  into  soil  which  is  too 
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cold  or  too  wefc  to  favor  germiuation.  It  is  better  to  defer  the  plantiog 
a  week  or  ten  days  than  to  ran  the  risk  of  losing  it  by  decay  or  of  hav- 
ing an  imperfect  stand  by  planting  before  the  groand  is  snfficiently  dry 
to  work  well  and  warm  enough  for  immediate  growth.  Every  missing 
plant  means  a  decrease  in  the  yield^  and  replanting  the  missing  hills  is 
seldom  profitable.  The  replants  are  snrrounded  by  plants  which 
mature  and  shed  their  pollen  before  the  younger  silks  are  formed.  The 
pollination  is  therefore  very  imperfect,  and  the  ears  on  the  replants  are 
nsnally  nubbins,  which  are  scarcely  worth  gathering.  When  the  miss- 
ing plants  amount  to  from  10  to  20  per  cent  of  the  whole,  replanting 
with  some  earlier  maturing  variety  which  will  produce  its  tassels  and 
silks  at  abont  the  same  time  as  the  original  planting  is  often  profitable, 
but  will  not  pay  when  the  misses  are  less  than  10  per  cent.  When  the 
misses  are  more  than  20  per  cent  it  will  pay  better  to  make  an  entire 
new  planting.'^ 

IMPEOVEMENT  OF  SGEQHinK  BT  SELECTION. 

Attempts  were  very  widely  made  some  years  ago  in  the  United  States 
to  utilize  sorghum  for  the  manufacture  of  sugar  on  a  commercial  scale. 
The  enterprise  proved  unsuccessful  largely  because  of  the  uncertain, 
but  usually  low,  sugar  content  of  the  sorghum  cane  which  was  then 
produced.  WhUe  the  attempts  to  manufacture  sugar  have  been  largely, 
if  not  entirely,  abandoned,  "sorghum  sirup  is  made  in  every  State  of 
the  Union  and  in  thousands  of  small  mills,"  ^  and  for  this,  if  for  no 
other  reason,  the  improvement  of  sorghum  as  a  sugar  producer  is  still 
a  matter  of  great  importance. 

For  a  number  of  years  several  experiment  stations  have  conducted 
experiments  with  a  view  to  improving  the  sorghum  plant  as  a  sugar 
producer.  In  general  the  method  of  improvement  consisted  of  plant- 
ing seed  from  plants  which  were  found  by  analysis  to  be  richest  in 
sugar  and  highest  in  purity  of  juice.  Becent  bulletins  of  the  Delaware 
Station  report  the  results  of  attempts  to  improve  sorghum  by  selection, 
comparing  crops  grown  at  a  number  of  experiment  stations  since  1887, 
and  discussing  the  possibilities  of  sorghum  as  a  commercial  source  of 
sugar. 

In  1897  and  1898  experimental  crops  of  sorghum  under  the  super- 
vision of  the  Delaware  Experiment  Station  were  grown  at  the  station 
and  at  several  other  places  in  Delaware  and  at  Gape  Charles, 
Va.  Several  thousand  stocks  have  been  selected  and  tested..  The 
facts  ascertained  relative  to  each  stock  were  as  follows:  (1)  The 
length  of  stock  including  seed  head;  (2)  the  stripped  and  topped 
weight  of  stock,  the  seed  head  having  been  removed  at  the  arrow 
joint;  (3)  the  specific  gravity  of  the  juice;  (4)  the  direct,  or  single, 
polarization  of  the  juice.  From  these  data  as  a  basis  the  following 
facts  were  deduced:  (1)  The  percentage  of  solids  in  the  juice;  (2)  the 
sugar  content  in  a  unit  volume  of  juice;  (3)  the  i)ercentage  of  sugar 
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in  the  juice;  (4)  the  coeflELcient  of  purity;  (5)  the  percentage  of  juice 
in  the  stock;  (6)  the  percentage  of  sugar  in  the  stock;  (7)  the  weight 
of  sugar  in  the  stock;  (8)  the  coefELcient  of  availability;  (9)  the  weight 
of  pure  sugar  to  be  crystallized  from  a  ton  of  stripped  cane,  such 
as  the  sample;  and  (10)  the  number  of  stocks,  such  as  the  sample, 
required  to  produce  3,000  pounds  of  pure  crystallized  sugar.  Each 
fact  is  considered  important  in  determining  the  quality  of  the  sor- 
ghum and  its  adaptation  to  sugar  making.  The  length  and  thick- 
ness of  the  stock  have  a  direct  bearing  on  the  resistance  to  wind 
storms,  which  is  very  important,  since  broken-down  cane  ferments  rap- 
idly, and  thus  sustains  a  loss  in  sugar.  The  weight  of  the  cane  is 
important  partly  for  the  reasons  just  stated,  but  mainly  because  heavy 
stocks  are  more  readily  worked  and  at  a  smaller  cost  and  give  a  higher 
tonnage  per  acre  than  light  stocks.  The  percentage  of  juice  in  the 
stock,  the  total  solids  in  the  juice,  and  the  percentage  of  sugar  directly 
affect  the  amount  of  crystallizable  sugar. 

The  table  below  gives  the  analytical  results  of  sorghum  crops  grown 
at  various  experiment  stations  during  a  number  of  years.  These  results 
are  not  considered  strictly  comparable  on  account  of  the  variable  water 
content,  but  they  show  the  wide  variations  in  the  composition  of  sor- 
ghum. The  analyses  reported  are  taken  from  the  best  of  the  season,  so 
that  the  small  percentages  in  the  sugar  content  are  not  due  to  the 
decline  which  takes  place  toward  the  end  of  the  season. 

Comparison  of  various  sorghum  crops. 


station  reporting  and  variety  tested. 

Year. 

Sngar  in  Juice. 

MftTltnTiin. 

Minimnm. 

Average. 

Iowa  ■>>*•.■>>•••>>•■>•■•••>>••••■•«•>■>•■>>>••■••••■>••••• 

1888 
1889 
1888 
1889 
1887 
1888 
188« 
1891 
1890 
1887 
1888 
1891 
1892 
1888 
1889 
1891 
1892 
1894 
1898 
1896 
1897 
1894 
1896 
1897 
1894 
1896 
1897 
1897 
1898 
1894 
1896 
1897 
1898 
1897 
1898 
1898 

Pereent. 
14.72 
14.87 
16.56 
15.32 
15.62 
12.88 
16.50 
15.33 
14.80 

Pereent. 
6.67 

PereenL 
12.10 

Do 

18.18 

Eanffflff  ..^T T ..-..-_-. . 

.96 
8.41 
5.26 
1.59 
5.40 
8.84 
4.19 

10.68 

Do    

10.58 

If  entnClCV     ..w-m^t-,^ tttt T--r--rr t ti - 

11.  IS 

7.11 

IjOnisiana.  •...•......••........•>.■.•.....>.•......«>••.•.. 

11.92 

Minnesota 

11.76 

Mississippi 

9.60 

New  Jeraiey........ ............................. ........... 

9.00 

Do 

8.28 

New  Mexico 

15.02 
21.9 

11.71 
8.00 

12.96 

Do 

11.85 

New  York 

9.02 

Do           

10.87 

Do  

13.33 
11.87 
16.00 
16.08 
14.40 
15.96 
16.60 
15.20 
17.84 
17.40 
17.10 
17.85 
19.05 
18.78 
16.00 
15.00 
19.19 
19.50 
aL50 
21.24 
19.14 

2.84 
6.76 
7.50 
5.46 

10.70 
6.31 
6.10 
8.70 

10.16 
6.70 

12.80 

10.71 
6.69 
7.20 
7.30 
9.80 
8.80 
4.98 

10.09 
4.17 
7.60 

9.18 

Do 

10.33 

Delaware,  Collier... 

18.10 

Delaware.  Oranire. .....••.....•..•.•....«..•..••.......•••• 

11.61 

Delaware.  Frame's  NewJ.^ ..........r.......rr.*-r-r. ......... 

12.90 

Do 

11.98 

Delaware.  Oolman .r,,,,,^,,^,......,^,.,,,, 

12.96 

Do 

12.90 

Do 

14.61 

DAlAWAMk    MnT^AAn  iornvrn  in  Delaware)  ...-, ^^^^--^ 

18.60 

Do .--.- 

1S.0Q 

Do 

15.20 

iVklAWArA  MnT<ean  fffrown  in  Virffinia)..^-..',  r.^.^-r.-r t- 

15.14 

Do 

14.71 

Delaware   A mber  f ^rown  in  Delaware) .................... 

12.61 

Do..     -.        • 

13.00 

Do 

15.74 

Do 

15.U 

Delaware.  Aml>er  /irrown  in  Virsrinia) ..................... 

IB.  IS 

Delaware,  Amber  (^rown  in  Virginia  from  heavy  seed) 

Delaware,  Amber  (grown  in  Virginia  from  light  seedj 

16.it 
15.81 

-  - o 
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It  will  be  seen  firom  these  results  that  there  are  very  great  variations 
in  the  sagar  content  of  the  juice.  Great  differences  were  also  found  to 
exist  in  the  constancy  of  the  sugar  content  and  the  length  of  the  sea*- 
son.  The  analyses  show  wide  fluctuations,  even  when  but  a  few  days 
elapsed  between  them.  ^<To  what  causes  these  differences  may  be  due, 
or  rather  to  which  cause  of  many  they  may  be  chiefly  due,  it  is  not  easy 
to  say.  •  •  •  There  must,  of  course,  be  differences  of  season  and  of 
soil  more  or  less  favoring  or  hindering  a  good  crop,  yet  despite  these 
there  has  been  an  unquestionable  rise  in  the  quality  of  the  cane,  and 
this  must  be  attributed  to  judicious  selection  of  seed  for  propagation.^ 

In  discussing  the  principles  of  selective  propagation  the  author 
points  out  that  the  consideration  of  a  high  sugar  content  and  a  high 
purity  only  is  insujQ&cient  and  that  other  qualities,  such  as  size  and 
strength  of  stock,  tonnage  per  acre,  early  ripening,  and  the  constancy 
of  the  sugar  content  throughout  the  season  must  be  taken  into  account. 
The  object  in  view  is  to  crystallize  the  most  sugar  at  the  least  expense, 
but  the  seed  which  tends  toward  the  attainment  of  this  result  is  not 
very  easily  selected.  The  ordinary  physical  tests  of  seed  in  fruit  prop- 
agation are  not  sufftcient  here,  but  an  analysis  of  the  juice  of  the 
particular  plant  must  be  made  and  the  sugar  content  taken  into  con- 
sideration. The  weight  of  the  stocks  was  found  to  be  influenced 
largely  by  environment,  and  sacriflcing  a  rich  sugar  content  to  weight 
in  selection  would  not  be  advisable  for  that  reason.  '^Of  the  crop  all 
stocks  below  12  ounces  or,  if  there  be  seed  enough,  all  below  16  ounces 
may  well  be  rejected  altogether,  and  then  of  the  remainder  preference 
should  rest  on  sugar  and  purity,  i.  e.,  available  sugar  content.  A 
system  by  which  heavy  weight  of  stock  should  offiset  low  sugar  content 
would  hardly  lead  to  profitable  results." 

It  is  believed  that  the  task  of  selecting  will  become  easier  as  the 
work  is  carried  on  year  after  year.  The  selection  of  cane  of  good  size 
and  weight  and  promising  appearance  in  general,  which  is  in  accordance 
with  nature's  survival  of  the  Attest,  will  produce  a  plant  with  suflScient 
resistance  to  storms,  and  when  that  result  has  been  attained  the  ques- 
tion remains  one  of  sugar  content  and  purity,  or  the  percentage  of 
available  sugar. 

IMPEOVED  CULTUBE  OF  POTATOEa 

As  a  recent  bulletin  of  the  New  York  Cornell  Exx>eriment  Station 
shows,  the  average  yield  of  potatoes  in  the  United  States  is  far  below 
what  it  should  be.  This  bulletin  states  that  ^<  the  average  yield  of 
potatoes  throughout  New  York  is  not  more  than  one- half  what  it  should 
be  and  what  it  would  be  were  better  methods  practiced.'^  This  low 
yield  is  not  due,  as  a  rule,  to  poverty  of  the  soil,  because  ^^  all  soils  of 
ordinary  fertility  contain  suflScient  potential  plant  food  to  produce 
abundant  crops,"  and  a  part  of  this  potential  plant  food  can  be  made 
available  for  the  use  of  plants  by  tillage,  and^  ,^§^fl^(p4jf,n§gessary. 
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The  experiments  of  the  Cornell  Station,  T^hich  have  now  covered  four 
seasons,  were  planned  with  a  view  to  learning  what  superior  tillage 
and  care  would  do  in  the  way  of  unlocking  the  hoarded  fertility  of  the 
soil  and  increasing  the  yield  of  the  crops. 

The  soil  on  which  the  potatoes  were  grown  has  been  continuously 
under  crop  without  fertilizers  since  the  winter  of  1893-94,  except  that 
cover  crops  of  rye,  crimson  clover,  or  wheat,  to  be  turned  under  in 
the  spring,  have  as  a  rule  been  grown.  But  the  growth  of  these  has 
necessarily  been  so  small  and  the  cropping  so  intensive  that  the  soil  is 
beginning  to  show  a  deficiency  of  humus,  indicated  by  its  tendency  to 
become  hard  and  compact  under  beating  rains;  for  <^  in  order  to  keep  a 
soil  x>ermanently  in  good  physical  condition,  it  is  absolutely  necessary 
that  organic  matter  be  returned  in  some  way,  either  by  green  manuring 
or  the  use  of  barn  manures." 

Notwithstanding  this  fact,  the  yields  in  the  Cornell  experiments  have 
been  much  above  the  average  each  year.  This  was  as  true  of  1898  as 
of  previous  years,  in  spite  of  the  additional  fact  that  the  latter  season 
was  one  of  severe  drought  and  the  soil  used  in  the  experiments  "  is 
gravelly  and  porous  and  especially  subject  to  injurious  effects  from 
drought.'^ 

It  is  probable  that  freqnent  and  deep  plowing  has  done  mnoh  to  bring  and  keep 
the  land  prodnctive.  So  far  as  the  plowing  is  concerned  all  plats  have  received  the 
■ame  treatment.  The  land  has  been  tamed  from  two  to  three  times  each  year,  and 
the  pulverizing  which  has  resulted  therefrom  has  liberated  sufficient  plant  food  to 
mature  large  crops.  In  addition  to  tbe  plowing  the  land  has  been  frequently  har- 
rowed and  cultivated  and  the  intensive  culture  which  has  been  given  has  liberated 
all  the  plant  food  that  could  be  used  by  the  growing  crops  with  the  amount  of  moist- 
ure that  was  present. 

A  fact  clearly  brought  out  by  these  experiments  is  that "  success 
with  x>otatoes  depends  largely  upon  the  preparation  given  the  soil 
before  the  potatoes  are  planted.,  Plowing  should  bo  deep,  and  at  the 
time  of  planting  the  soil  should  be  mellow  and  loose." 

Only  first-class  marketable  potatoes  should  be  used  for  seed.  These 
should  be  cut  into  pieces  averaging  two  strong  eyes.  "  Seed  should 
not  he  cut  for  any  considerable  period  before  planting.  If  it  becomes 
necessary  to  delay  planting  for  some  considerable  time  after  potatoes 
are  cut,  the  cut  pieces  should  be  dusted  with  plaster  and  spread  but  in  a 
moderately  moist,  cool  place." 

Early  planting  has  usually  given  best  results,  but  this  necessitates 
careful  spraying  with  Bordeaux  mixture  and  Paris  green  to  protect  the 
plants  from  diseases  and  insects.  Early  and  deep  planting  and  fre- 
quent and  level  tillage  are  especially  important  in  soils  like  that  used 
in  these  experiments,  which  are  likely  to  be  seriously  affected  by 
drought. 

The  methods  of  planting  and  cultivation  used  at  the  Cornell  Station 
in  1898  were  as  follows: 

The  pieces  were  dropped  in  the  furrows  directly  after  the  furrows  had  been 
opened,  one  piece  being  put  in  a  place  and  at  distances  14  inches  apart  in  the^dost^^ 
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A  fdrrow  was  opened  [with  a  shoyel  plow]  in  the  middle  of  the  space  left  when  the 
first  farrows  were  opened.  This  served  to  cover  the  potatoes,  the  earth  being  ridged 
np  directly  over  the  potato  row.  The  planting  was  done  on  May  10.  The  soil  was 
then  left  nndbtarhed  nntil  May  28.  The  ridges  which  were  left  over  the  seed  pota- 
toes covered  them  to  a  depth  of  abont  8  inches.  By  May  28  the  weed  seeds  which 
were  in  the  surface  soil  hod  germinated  and  the  whole  snrfaoe  was  covered  with  tiny 
weeds.  A  spike  tooth  harrow  was  fitted  with  a  piece  of  2  by  4  scantling  placed 
diagonally  across  nnderneath  the  frame  and  held  in  place  by  the  harrow  teeth.  The 
harrow  thns  rigged  was  nsed  npon  the  potato  plats,  being  first  run  lengthwise  of  the 
rows  and  then  crosswise.  The  weight  of  the  driver  npon  the  harrow  was  necessary 
in  order  to  make  it  do  the  leveling  as  required.  The  benefit  derived  from  this  treat- 
ment was  very  marked.  All  weeds  were  destroyed^  the  surface  cmst  was  broken, 
all  clods  and  stones  were  removed  from  above  the  row  and  deposited  in  the  center 
of  the  space  between  rows,  the  surface  was  leveled  and  in  every  way  the  conditiona 
were  made  favorable  for  the  rapid  growth  of  the  potatoes,  and  they  appeared  above 
ground  in  three  or  four  days. 

In  general  it  may  be  said  that  ^'on  soils  wUcli  are  not  well  drained, 
either  naturally  or  artificially,  and  on  clay  or  clay  loam  soils,  potatoes 
may  be  planted  somewhat  shallow  and  slight  hilling  may  be  practiced 
with  benefit." 

If  planting  is  done  very  early  in  the  spring  the  ridges  may  be  x>ermitted  to  remain 
for  ten  days  to  two  weeks  before  harrowing  down.  If  planting  is  done  somewhat 
late  the  ridges  should  be  harrowed  within  one  week  after  planting.  In  the  case  of 
the  early  planting  there  is  usually  enough  moisture  present  so  that  the  ridging  may 
temporarily  prove  a  benefit  by  enabling  the  soil  to  become  warm.  In  the  case  of 
late  planting  all  the  moisture  should  be  conserved,  and  this  is  best  done  by  leveling 
the  ridges. 

Harrowing  the  soil  before  the  plants  appear  above  ground,  followed 
by  from  six  to  seven  cultivations  during  the  season,  is  recommended. 

SECOVD-CBOP  POTATOES  FOB  SEED. 

In  the  Southern  States  potatoes  planted  in  the  spring  mature  early 
in  the  summer,  and  during  the  hot  weather  of  the  season  it  is  difficult 
to  keep  the  tubers  from  decaying.  Consequently  this  early  crop  does 
not  furnish  potatoes  for  the  table  during  winter  nor  seed  for  the  next 
season's  planting.  This  difficulty  has  given  rise  to  the  growing  of  late 
crops,  a  practice  which  has  been  in  vogue  in  various  sections  of  the 
South  for  a  number  of  years.  When  second-crop  potatoes  are  not 
grown  it  becomes  necessary  to  obtain  seed  from  northern  sources.  The 
general  opinion  of  the  Southern  potato  grower  is  that  planting  second- 
crop  potatoes  grown  at  home  is  more  profitable  than  planting  northern- 
grown  seed.  Experiments  with  second-crop  potatoes  for  seed  have 
been  made  at  several  experiment  stations  and  some  promising  results 
have  been  reported,  but  work  in  this  line  has  not  as  yet  been  followed 
very  extensively  and  open  questions  still  remain. 

The  Arkansas  Station  has  recently  published  the  results  of  experi- 
ments with  northern-grown  seed  and  second-crop  seed  which  have  been 
in  progress  for  three  years.  Northern-grown  and  second-crop  seed 
were  planted  in  the  spring  of  1894  to  compare  the  respective  yields. 
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Tbe  second-crop  seed  bad  been  grown  by  tbe  station  tbe  preceding 
fall.  Bliss  Triumph  and  Early  Eose,  which  are  very  popular  varieties 
in  the  State,  were  grown  in  this  test.  The  results  were  in  favor  of  the 
crop  from  the  northern-grown  seed,  which  matured  several  days  earlier 
and  produced  an  average  of  20  bushels  jyer  acre  more  of  merchantable 
potatoes  than  the  second-crop  seed.  Of  the  total  yield  of  tubers  from 
the  northern-grown  seed  12.6  per  cent  were  culls,  while  of  the  total 
yield  from  the  second-crop  seed  the  culls  amounted  to  23.5  per  cent. 

In  1895  four  varieties  were  used  in  the  test,  and  with  but  one  excep- 
tion the  northern-grown  seed  produced  the  larger  yield  and  the  larger 
percentage  of  merchantable  potatoes.  The  second-crop  seed  had  been 
grown  by  the  station  and  only  the  best  tubers  from  the  best  vines  were 
used. 

In  the  third  year's  trials  seven  varieties  were  grown.  A  dry  and 
hot  spring  hastened  the  maturity  of  the  crop,  and  although  not  so 
marked  as  in  the  two  preceding  years^  the  results  in  general  were  the 
same. 

The  average  results  for  the  three  years  show  that  potatoes  from 
northern-grown  seed  produced  better  yields  and  matured  earlier  than 
potatoes  grown  from  second-crop  seed.  In  general  second-crop  seed 
was  slow  and  irregular  in  sprouting  and  produced  vines  inferior  in  vigor 
and  in  appearance.  !No  difiference  was  detected  in  the  keeping  and 
cooking  qualities  of  the  tubers  of  the  two  crops.  The  average  of  the 
average  results  of  each  year  for  the  entire  series  of  experiments  is 
given  in  the  following  table: 

Seoond'Crop  seed  compared  with  northern-groion  seed — Average  of  three  years. 

Yield  of  I 


Yield  of 
merchant- 
able pota- 

toeeper 
acre. 


Yield  of 

culls  per 

acre. 


Total  jield 
per  acre. 


Timefhtm 
planting  to 
matority. 


Korthem-grown  seed 
Second-crop  seed 

Difference 


Buthelt, 
M.91 
81.29 


Biuhels. 
11.19 
10.04 


Bushelt, 
106.10 
97.84 


DavM. 

108.54 
111.07 


18.02 


4.85 


8.70 


8.18 


A  comparison  of  large  and  small  second-crop  seed  planted  as  whole 
or  cut  tubers  resulted  in  a  better  total  yield  and  a  larger  percentage  of 
merchantable  crop  from  the  large  seed. 

Experiments  with  second-crop  potatoes  have  been  carried  on  at  the 
Forth  Carolina  Station  for  several  years  and  the  methods  of  culture 
recommended  by  this  station  are  here  briefly  summarized.  When  the 
tubers  of  the  second  crop  are  to  be  used  for  seed  the  seed  tubers  are 
taken  from  the  crop  which  was  planted  in  the  spring  and  matured 
early  in  the  summer.  The  tubers  when  dug  should  be  perfectly  ripe 
and  should  then  be  exposed  to  the  light  until  they  have  become  green- 
ish in  color  and  spread  out  on  the  ground  in  a  single  layer  well  covered 
with  pine  straw  or  leaves.    The  covering  should  be  kept  moist  contin- 

uigiiizea  oy  vj  v^'v^'i  i\^ 
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uaHy  and  the  tabers  remain  bedded  in  this  way  nntil  tbey  begin  to 
Bprontk  It  was  fonnd  that  catting  small  pieces  from  each  taber  when 
bedding  them  tends  to  shorten  the  time  required  for  sprouting  and 
when  treated  in  this  way  the  tabers  are  planted  witboat  any  farther 
catting.  Planting  seed  pieces  as  practiced  in  spring  did  not  prove 
reliable  with  summer  planting  at  this  station,  as  the  stand  obtained 
was  frequently  unsatisfactory.  By  planting  only  those  tubers  which 
show  signs  of  sprouting  when  taken  from  the  bed  a  good  stand  can  be 
secured.  Culls  firom  the  early  crop  sometimes  used  as  seed  are  consid- 
ered less  reliable  than  the  well-ripened  tubers.  The  time  of  planting 
necessarily  varies  with  the  latitude.  The  middle  of  August  is  consid- 
ered a  good  time  for  planting  in  Forth  Carolina.  The  method  of 
planting  and  cultivating  recommended  is  essentially  the  same  as  the 
practice  known  as  the  rursd  trench  system.  The  seed  tubers  are  placed 
at  the  bottom  of  deep  furrows,  cove^red  lightly,  and  the  soil  compacted 
around  them.  From  time  to  time  as  the  plants  grow  the  soil  is  worked 
to  them  until  the  furrows  are  filled.  The  subsequent  cultivation  should 
be  perfectly  level.  The  plants  remain  green  until  they  are  cut  down 
by  the  frost,  and  the  tubers  which  are  then  dug  are  an  immature  crop 
and  keep  better  than  if  mature.  It  is  advised  to  keep  them  in  a  heap 
in  the  open  ground,  covered  with  pine  straw  or  earth,  or  to  keep  them 
in  a  cool  dark  cellar.  The  object  is  to  keep  them  at  a  temperature  of 
S5^  to  40^  F.  and  to  admit  no  light,  conditions  most  favorable  for 
keeping  potatoes. 

COLD  V.  WABH  WATEE  FOB  PLANTS. 

It  is  the  generally  accepted  opinion  of  florists  and  gardeners  that 
watering  plants  with  very  cold  water  is  detrimental  to  growth,  but  no 
one  has  undertaken  to  state  definitely  how  cold  the  water  may  be 
without  producing  this  result.  It  is  the  common  opinion^  however^ 
that  water  applied  to  greenhouse  plants  should  not  be  much  colder 
than  the  air  immediately  about  them.  In  order  to  ascertain  the  facts 
in  the  case  more  definitely  the  Wisconsin  Station  instituted  a  series  of 
tests.    The  plants  were  grown  under  glass,  except  as  otherwise  noted* 

Twelve  cuttings  of  Ooleus,  as  nearly  alike  in  size  and  vigor  as  could 
be  obtained,  were  divided  into  four  lots  and  planted  in  sand*  They 
were  watered  with  water  at  35^,  50^,  66^,  and  86^  F.  In  twelve  days 
all  were  rooted  equally  well.  They  were  i>otted  o£f  and  the  watering 
continued.  There  was  no  noticeable  difference  in  growth  and  vigor 
between  the  various  lots  until  sixty  days  after  the  cuttings  were  taken^ 
when  the  86^  lot  was  slightly  the  highest.  This  advantage  was  only 
temporary,  however,  for  in  a  few  days  the  50o  and  65^  lots  slightly 
exceeded  it  in  height.  Kinety  days  after  the  cuttings  were  taken  the 
35<^  lot  was  plainly  checked,  but  the  other  three  were  practically  equaL 
This  test  was  repeated  with  water  at  32^,  40^,  70^,  and  lOO^.  In  this 
case  it  was  difficult  to  discover  any  influence  due  to  the  temperature  ol 

the  water  used*  uigmzea  oy  xjv^v^pi  iw 
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Transplanted  tomato  plants  wore  divided  into  four  lots  and  watered 
•with  water  at  35^,  60^,  65^,  and  86o.  The  65©  lot  made  the  best  growth 
throughout  the  test,  whicji  lasted  for  thirty  days.  The  35^  lot  made  the 
slowest  growth,  but  was  in  no  other  respect  inferior  to  the  others. 
This  test  was  repeated  with  water  at  32^,  60o,  and  90o.  After  sixty 
days  the  32^  lot  was  slightly  the  best  The  plants  were  the  tallest, 
ripened  earliest,  and  the  plants  and  fruit  weighed  the  most.  This 
trial  was  repeated  with  plants  from  seed  saved  from  the  fruits  of  the 
first  crop.  Plants  from  the  32^  lot  were  watered  with  water  at  32^, 
those  from  the  60o  lot  were  watered  with  water  at  70°,  and  those  from 
the  90O  with  water  at  lOOo 

"In  this  case  the  lOOo  lot  yielded  the  largest  amount  of  fruit  and  the 
320  lot  was  next  in  order,  while  the  70^  lot  yielded  the  leastj  but  the 
difference  is  so  slight  that  the  results  may  be  considered  duplicates." 

Seed  was  again  saved  from  this  crop,  planted,  and  different  lots 
watered  with  water  at  32^,  40^,  70^,  and  lOO^.  Two  months  from  the 
date  of  sowing  there  was  no  difference  between  the  lots  that  could  be 
ascribed  to  the  different  temperatures  of  the  waters  used.  "In  this 
case  the  32^  lot  yielded  more  than  the  70^  lot,  but  less  than  the  100^ 
lot.'^ 

A  thousand  seeds  of  forcing  radish  were  sown  in  each  of  three  plats 
and  were  watered  with  water  at  32^,  46^,  and  70^,  respectively.  The 
32^  lot  was  considerably  slower  in  germinating  than  the  others.  In 
this  test  the  yield  of  radishes  was  smallest  in  average  weight  in  the 
32^  and  largest  in  the  70^  lot,  the  difference  being,  however,  only  10  ta 
13  per  cent.  In  a  second  test,  however,  there  was  a  noticeable  differ- 
ence. Water  at  32°  gave  decidedly  the  best  results,  while  100<^  gave 
the  poorest. 

Beans  watered  with  water  at  32^,  40^,  70^,  and  100^  were  equally 
vigorous.  Water  at  32°  and  40^  gave  the  best  results.  Lettuce  watered 
with  water  at  32^  yielded  slightly  more  than  other  lots. 

In  addition  to  the  above,  two  trials  were  made  under  outdoor  condi- 
tions. Eighteen  half-barrel  tubes  were  sunk  in  the  ground  until  the 
tops  were  level  with  the  surface  and  filled  with  soil.  All  were  suitably 
drained.  Kine  were  watered  with  ice  waterj  the  other  nine  with 
hydrant  water,  which  averaged  about  75^  in  temperature.  The  warm 
water  produced  better  results  than  the  cold  and  the  difference  was 
much  more  pronounced  in  the  summer.  In  the  earlier  part  of  the 
season  both  lots  were  equally  healthy  and  vigorous;  but  later,  when 
the  weather  had  become  cooler  and  the  period  of  most  vigorous  growth 
had  passed,  the  plants  watered  with  ice  water  appeared  unhealthy. 

Radishes  and  beans  were  planted  in  three  plats  in  the  open  ground; 
one  plat  was  watered  with  ice  water,  one  with  hydrant  water,  and  one 
not  watered  at  all.  Those  watered  with  ice  water  yielded  the  most 
and  those  not  watered  at  all  the  least,  although  the  rainfall  during  the 
season  was  regarded  as  nearly  or  quite  sufficient  for  the  development 
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of  crops  well  cared  for.  The  beans  showed  no  difference  in  yield  that 
conld  be  attributed  to  the  temperature  of  the  water.  The  yield  from 
the  unirrigated  plat  was  in  this  case  also  much  smaller  than  either  of 
the  others. 

In  a  number  of  these  tests  a  record  was  made  of  the  temperature  of 
the  soil  before  watering  and  at  intervals  for  several  hours  afterwards. 
The  application  of  ice  water  of  course  immediately  lowered  the  tem- 
perature of  the  soil  several  degrees.  It  was  found  that  with  plants  in 
pots  the  original  temperature  generally  was  not  regained  for  several 
hours.  The  application  of  water  of  40^  or  above,  etc.,  was  found  to 
have  no  effect  of  importance,  the  original  temi>erature  being  soon 
regained  after  a  rise  or  fall. 

From  the  resnlts  of  these  and  namerons  other  trials  not  here  noted  the  conclusion 
appears  faHj  warrantable  that  the  growth  of  ordinary  field  and  garden  crops  is  not 
affected  by  the  temperature  of  any  water  ordinarily  available  for  irrigation  pur- 
poses. 

The  temperature  of  the  soil  about  the  roots  of  the  plants  so  quickly  regains  its 
original  temperature  that  no  check  to  growth  is  likely  to  result. 

It  is  concluded  team  the  results  of  the  out-door  work  that  no  harm  can  result  f^om 
using  for  irrigation  purposes  water  from  the  coldest  springs  or  wells,  for  •  •  * 
the  temperature  of  the  water  from  these  sources  will  not  be  less  than  40^  in  any 
case  when  taken  from  the  weU  or  spring,  taxd  by  the  means  ordinarily  employed  in 
irrigation  would  be  raised  many  degrees  above  this  poinfe  before  reaching  the  roots 
of  the  plants. 

It  is  concluded  from  the  results  of  the  greenhouse  work  that  for  vegetable  and 
flowering  plants  commonly  grown  under  glass,  weU  or  spring  water  may  be  freely 
used  at  any  time  of  the  year  without  warming. 

SOILS  AHD  feethizebs  fob  FOBCnra  head  lettxtce. 

Within  the  last  few  years  the  forcing  of  head  lettuce  has  sprung  into 
considerable  prominence  as  an  industry.  Growers  have  been  generally 
agreed  that  the  soil  mixture  was  a  considerable  element  in  success,  but 
as  to  what  the  exact  amount  and  character  of  the  ingredients  in  this 
mixture  were  there  was  not  a  litUe  confusion  of  ideas.  In  order  to 
obtain  more  definite  information  on  this  subject,  the  Kew  York  State 
Station  undertook  a  series  of  tests  to  ascertain  definitely  the  influence  of 
the  texture  of  the  soil  on  head  lettuce.  This  was  the  only  variety  used, 
and  the  results  obtained  very  probably  do  not  apply  to  loose  varieties. 
In  all  of  the  tests  each  soil  contained  a  superabundance  of  nitrogen, 
phosphoric  acid,  and  potash,  so  that  for  the  purposes  of  this  experi- 
ment all  of  the  soils  might  be  considered  as  equal  in  fertility^  and  any 
difference  in  yield  might  be  attributed  to  soil  texture. 

Mixtures  of  well-rotted  clay  loam  sod  and  stable  manure  with  various 
amounts  of  sand  were  tried.  There  was  little  difference  in  the  yield, 
but  on  the  mixtures  containing  42  i>er  cent  of  sand  the  lettuce  was  a 
trifle  the  earliest.  On  a  mixture  of  flve-slsths  sand  and  one-sixth 
stable  manure  by  weight,  the  heads  were  larger,  but  loose  and  of  poor 
texture.    When  the  proportion  of  stable  manure  was  increased  to  one- 
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third,  the  lettuce  was  small,  late,  and  iDJnred  by  tip  burn,  Sandy 
loam  with  applicatious  of  chemical  fertilizers  alone  gave  slightly  heavier 
lettuce  than  clay  loam  similarly  treated,  but  when  it  was  mixed  with 
oue-half  its  weight  of  stable  manure  the  clay  loam  gave  much  superior 
lettuce,  earliest  in  maturity  and  largest  in  yield  of  any  soil  mixture 
tried.  It  seems,  then,  that  the  soil  mixture  best  adapted  for  forcing 
head  lettuce  is  of  rather  compact  texture  and  contains  a  good  portion 
of  fine  sand,  clay,  and  silt,  moderately  lightened  with  fairly  well-rotted 
horse  manure. 

A  fertilizer  experiment  was  also  made  to  test  the  relative  merits  of 
stable  manure  with  and  without  phosphoric  acid  and  sulphate  of  potash, 
and  to  ascertain  the  effect  of  increasing  amounts  of  nitrate  of  soda.  It 
was  found  that  after  a  soil  has  received  a  heavy  application  of  stable 
manure  any  further  addition  of  chemical  fertilizers  is  only  thrown 
away.  Chemical  fertilizers  gave  best  results  on  sandy  soils,  fairly  well- 
rotted  stable  manure  on  clay  soils.  Evidently  the  reason  for  this 
difference  lies  in  the  texture  of  the  mixtures. 

THE  DATE  PALM  IS  THE  UNITED  STATES. 

The  date  palm  is  a  native  of  the  arid  regions  of  northern  Africa 
and  southwestern  Asia.  It  was  early  introduced  into  America  by  the 
Spanish.  The  history  and  present  status  of  the  date  palm  in  the  United 
States  has  been  made  a  subject  of  study  by  the  Arizona  Station.  The 
following  statements  are  taken  mainly  from  a  bulletin  of  that  station. 
The  palm  followed  the  progress  of  Catholic  missions  from  St.  Augus- 
tine to  Mexico,  New  Mexico,  Arizona,  and  California,  where  it  is  now 
grown  in  the  open  ground  as  an  ornament  as  far  north  as  San  Fran- 
cisco. The  tree  will,  however,  produce  fruit  only  over  a  much  more 
limited  area.  It  is  not  yet  grown  on  a  commercial  scale  anywhere 
within  the  United  States,  though  occasional  seedlings  are  found  in  the 
desert  regions  of  southern  New  Mexico,  Arizona,  and  southeastern 
California,  which  produce  fruit  of  excellent  quality. 

The  greatest  impulse  was  given  to  date  growing  in  this  country  by 
the  importation  by  the  Division  of  Pomology  of  this  Department  of 
rooted  suckers  supposed  to  have  been  taken  from  female  trees  known 
to  produce  fruit  of  excellent  quality.  These  were  distributed  and 
planted  in  Las  Cruces,  N.  Mex!j  Phoenix  and  Yuma,  Ariz.;  Indio, 
Pomona,  Tulare,  and  National  City,  Cal/  Of  the  trees  thus  planted  it 
appears  that  39  are  now  living,  of  which  16  have  blossomed,  7  of  them 
being  pistillate  or  fruit-bearing  plants.  It  may  be  two  or  three  years 
before  their  true  fruit  qualities  can  be  ascertained. 

The  regions  in  which  the  date  palm  thrives  are  characterized  by 
deficiency  of  rain  and  wide  variations  of  temperature.  The  summer 
heat  is  intense,  reaching  115^  or  more,  though  in  winter  the  thermome- 
ter may  fall  as  low  as  16^  below  freezing.  These  climatic  conditions 
are  practically  identical  with  those  that  obtain  in  the  more  southerly 
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portions  of  tlie  great  Colorado  desert.  So  great  is  the  similarity  in 
fact  tliat,  so  far  as  climate  is  concerned,  we  may  reasonably  expect  the 
date  palm  to  fruit  satisfactorily  in  the  arid  regions  of  our  Southwest. 
Although  the  date  palm  requires  exceptionally  intense  heat  in  summer, 
it  will  withstand  in  winter  a  temperature  that  would  be  fatal  to  the  fig 
or  orange. 

Probably  the  soil  best  adapted  to  the  date  palm  is  one  containing  a 
small  percentage  of  clay,  fairly  free  from  humus,  and  charged  with  alkali. 
Irrigation  and  heat  are  the  all-important  considerations.  Water  is 
indispensable.  The  roots  should  be  moist  at  all  times.  ^^The  date  must 
have  its  head  in  the  fire  and  its  roots  in  the  water  ^  is  an  old  Arabian 
proverb.  The  water  should  be  applied  frequently  throughout  the  year, 
the  most  in  the  spring  before  blooming  and  in  the  fall  prior  to  ripening 
of  the  fruit.  Oare  should  be  taken  not  to  irrigate  too  much  at  the  time 
of  blooming  and  just  after,  as  this  is  liable  to  interfere  with  successful 
fruit  setting.  The  water  may  advantageously  be  quite  warm,  from  75^ 
to  950,  and  contain  considerable  alkali.  In  midsummer  .irrigation 
should  be  in  the  late  afternoon  or  evening  to  avoid  scalding. 

Palms  may  be  planted  along  streams  or  flooded  basins.  All  desert 
regions  are  characterized  by  occasional  depressions  where  the  water 
comes  nearly  or  quite  to  the  surface.  During  the  rainy  season  these 
are  filled  with  water  and  sometimes  do  not  become  entirely  dry  before 
another  rainy  season.  The  date  palm  thrives  in  such  spots  when  once 
established,  although  its  trunk  may  be  partially  submerged  for  some 
time.  Where  irrigation  is  practiced,  however,  water  should  not  be 
allowed  to  rise  above  the  surface  of  the  soil  for  any  considerable  length 
of  time,  and  later  to  be  allowed  to  dry  away,  as  baking  of  the  soil 
under  these  conditions  may  result  in  serious  injury  to  the  tree.  From 
a  study  of  the  soil  and  climatic  conditions  in  northern  Africa,  where 
the  date  palm  flourishes,  it  seems  probable  that  dates  may  be  grown 
in  the  region  adjacent  to  the  Salton  basin  west  of  Yuma. 

The  date  may  be  propagated  from  seeds  or  suckers.  The  former 
method  is  not  much  used  except  in  originating  new  varieties,  because, 
like  many  other  fruits,  the  date  does  not  come  true  to  seed.  The  fruit 
is  generally  later  and  poorer^  and  the  excessive  number  of  males  that 
spring  up  can  not  be  distinguished  and  destroyed  until  the  tree  blos- 
soms, hence  propagation  by  suckers  is  resorted  to,  although  the  date 
is  difficult  to  transplant  with  uniform  success.  Frequently  as  many  as 
50  per  cent  of  the  transplanted  dates  die  after  they  have  received  the 
best  of  care,  and  if  neglected  hardly  any  will  survive.  The  Arizona 
Station  gives  directions  for  transplanting  as  follows: 

Suckers  may  be  removed  at  any  time  during  the  spring  or  early  snromer,  or  even  in 
the  -v^inter  if  proper  care  be  given  them  after  removal.  If  they  are  to  be  planted  in 
the  open  ground,  it  is  advisable  to  remove  them  daring  the  spring  or  early  summer, 
April  probably  being  the  best  month.  In  winter,  when  the  plants  are  at  a  standstill, 
the  suckers  may  be  removed  with  comparatively  small  loss,  if  the  bulbs  be  not  less 
than  4  inches  in  diameter  and  have  a  few  roots,    it  is  necessary,  when  tnokers  are 
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femoTed  at  this  aeason,  to  set  them  in  rather  small  pots,  so  that  the  earth,  which 
shonld  be  given  a  daily  soaking,  may  have  a  ciiance  to  get  warm  qniekly.  The  pots 
shonld  ha  kept  in  a  greenhouse,  or,  better  yet^  embedded  in  a  hotbed  of  mannre^ 
covered  with  the  customary  frame  and  glass.  In  all  cases  the  leaves  shonld  he  out 
hack  to  6  to  12  inches  in  length.    •    •    • 

If  proper  attention  can  be  given  it  is  best  to  plant  the  snckers  where  they  are  to 
remain,  as  a  second  cbance  for  loss  occurs  when  they  are  planted  in  a  nnrsery  and 
later  moved  to  the  position  that  they  are  finally  to  occupy. 

A  two-inch  chisel  well  sharpened,  and  an  appropriate  mallet,  are  the  important 
tools  to  use  in  removing  suckers.  The  leafstalks  should  be  cut  away,  exposing  the 
bulb  of  the  sucker,  care  being  taken  not  to  iijnre  the  bulb  in  removing.  One  shonld 
ent  in  rather  deeply  at  either  side,  not  being  afraid  of  injuring  the  old  plant,  cutting 
out  a  V-shaped  portion  extending  from  the  base  of  the  bulb  downward  for  a  foot  or 
more  and  being  careful  to  secure  in  uninjured  condition  all  the  attached  roots.  If 
the  position  of  the  sucker  be  not  too  high  above  the  ground,  the  V-ahaped  portion 
shottld  be  continued  downward  into  the  soil,  that  all  established  roots  be  obtained. 
The  Pomona  substation  in  California  has  the  best  success  In  removing  snckers  by 
banking  earth  about  the  stem  of  the  plant  so  as  to  cover  the  bulbs  a  number  of 
weeks  prior  to  removing  them.  A  good  system  of  roots  is  established  by  this  method 
of  procedure. 

The  male  and  female  flowers  of  the  palm  are  borne  on  separate  plants. 
In  the  male  plant  the  flowers  are  crowded  closely  together  on  a  large 
branched  panicle  and  have  an  odor  like  musty  flonr.  If  the  i>anicle  is 
shaken  when  the  flowers  are  well  opeoied  quantities  of  pollen  will 
escape^  filling  the  ur  as  if  with  dast  The  flowers  in  the  female  panicle 
are  much  farther  apart;  the  segments  are  smaller  and  less  spreading. 
The  center  of  the  flower  is  well  filled  by  tiiree  pistils^  two  of  which 
soon  become  abortive. 

It  is  evident,  then,  that  male  and  female  trees  shonld  be  planted 
near  each  other.  It  is  quite  common  to  set  one  male  plant  in  the  center 
of  an  irregular  circle  of  six  or  eight  females.  If  the  trees  are  planted 
in  a  row  aloog  a  roadside  the  male  trees  should  be  planted  to  the  wind- 
ward. The  wind  may  be  depended  upon  as  a  rule  to  effect  pollination 
if  the  staminate  is  not  more  than  6  or  7  rods  from  the  pistillate  flowers. 
At  greater  distances  pollination  may  be  effected,  though  with  doubtful 
certainty  of  completeness,  by  both  wind  and  bees. 

The  palm  is  peculiar  in  that  the  pollen  retaiiis  its  fertility  for  a  long 
time.  It  may  be  transported  to  great  distances  and  artificially  applied 
to  the  female  blossom  with  success.  Pollen  should  not  be  dusted  on 
the  flower  too  profusely,  as  overpoUination  is  said  to  weaken  the  devel- 
oping dates  and  cause  them  to  drop  from  the  laree.  When  artificial 
I>ollination  is  necessary  the  male  blossom  is  cut  from  the  tree  as  soon 
as  the  cracking  of  the  spathe  shows  that  it  is  about  to  open.  The 
panicle  may  then  be  cut  into  pieces  and  a  piece  tied  near  the  opening 
of  each  female  panicle. 

The  date  palm,  whether  male  or  female,  varies  greatly  as  to  time  of 
blooming.  It  always  blooms  late,  however,  thus  escaping  injury  from 
late  spring  frosts.  In  Arizona  the  blossoming  period  begins  about 
April  15  and  continues  six  weeks  or  more.    In  planting  male  trees 
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Backers  sliould  be  selected  from  those  that  blossom  earliest  and  most 
profusely  and  continue  in  bloom  from  tlire^  to  five  weeks. 

The  varieties  of  dates  are  almost  innumerable.  They  vary  greatly 
in  size,  color,  sweetness,  delicacy  of  flavor,  and  length  of  time  required 
to  mature.  The  dates  of  commerce  are  usually  light  colored,  these 
being  of  firmer  texture,  and  are  hence  preferable  for  shipping  purposes. 

The  average  yield  of  a  tree  is  eight  bunches,  each  weighing  about 
17^  pounds,  though  they  may  weigh  as  much  as  44  pounds.  In  Arizona 
seedling  trees  seven  years  of  age  have  produced  upwards  of  200 
pounds  in  a  single  season.  Young  trees  blossoming  the  first  or  second 
time  should  not  be  allowed  to  bear  more  .than  four  or  five  bunches. 

Among  the  various  enemies  of  the  date,  birds  and  bees  do  much  injury 
by  feeding  on  the  ripe  fruit.  Cheese  cloth  sacks  loosely  inclosing  the 
bunches  on  the  tree  afford  the  best  protection.  The  expense  should  not 
exceed  10  cents  per  tree.  Grasshoppers  do  much  damage  by  feeding  on 
the  foliage.  The  most  serious  pest  that  the  date  has  in  this  country  is 
a  scale  insect  that  was  imxK)rted  on  palms  several  years  ago.  The 
insect  is  small,  but  conspicuous  against  the  dark  green  leaves,  both 
sides  of  which  are  infested.  The  Arizona  Station  has  not  yet  discov- 
ered any  means  of  eradicating  the  pest.  Applications  of  whale-oil  soap 
washes  and  fumigation  with  hydrocyanic  acid  gas  have  been  only  par- 
tially successful. 

EECEHT  STUDIES  OH  THE  CODLIHG  MOTH. 

It  is  doubtful  if  there  is  any  more  serious  pest  of  fruit  culture  in  the 
United  States  than  the  codling  moth.  It  has  been  estimated  that  from 
one-fourth  to  one-half  of  the  annual  apple  crop  is  destroyed  by  this  pest, 
or  more  than  by  all  other  insects  combined.  The  codling  moth,  indeed, 
is  so  destructive  that  the  New  Mexico  Station  has  discussed  the  advis- 
ability of  destroying  a  year's  fruit  crop  in  that  State  with  the  idea  of 
exterminating  the  insect.  Its  principal  food  is  apples,  though  it  com- 
monly attacks  pears,  often  feeds  upon  wild  haws  and  quinces,  and 
sometimes  works  on  such  stone  fruits  as  plums,  peaches,  and  cherries. 

Frequent  failure  to  obtain  good  results  in  treating  the  codling  moth 
according  to  the  long  accepted  rules  has  led  a  few  stations  to  thoroughly 
investigate  its  life  history.  Recent  investigations  of  the  Cornell  and 
Nebraska  Stations  on  this  subject  are  of  special  interest  The  results 
obtained  are  much  at  variance  with  statements  commonly  found  in 
entomological  and  horticultural  writings. 

The  Nebraska  Station  states  as  a  result  of  its  investigations  that — 

The  commonly  accepted  plan  of  fighting  the  codling  moth  has  been  to  spray  the 
trees  with  arsenites,  cither  Paris  green  or  London  purple,  as  soon  as  the  blossoms 
have  fallen,  and  repeat  the  operation  once  or  twice  thereafter  at  intervals  of  ten 
days  or  two  weeks.  The  efficaoy  of  this  treatment,  in  many  cases,  has  been  proved 
beyond  a  doubt,  yet  its  ineffioacy  has  been  eqnally  well  proved  in  other  cases.  The 
assumption  has  been  that  the  moth  begins  its  work  at  blossoming  time,  and  that 
by  spraying  immediately  afterwards  we  may  catch  the  yonng  larvas  at  the  time  they 
begin  to  work.    •    *    •    Bat  another  fiictor  enters  in  |pgiyiQ^i;^t§qa^^)^hen  the 
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blossoms  faU,  the  calyx  cup  is  wide  open,  but  soon  after  begins  to  close.  Since  tbe 
jonng  larvcD  so  often  begin  their  work  within  this  cnp,  it  is  important  that  we  have 
a  dose  of  poison  there  prepared  for  them.  It  can  only  be  pnt  there  while  the  enp  is 
stiU  open.  Therefore,  to  do  this  we  must  spray  soon  after  the  blossoms  ttU^  as 
directed.  Bat  the  efficacy  of  this  spraying  plainly  depends  upon  getting  the  poisom 
in  this  x>o8ition,  having  the  cup  close  over  it,  and  hold  it  there  nntU  the  larva  comes. 
Therefore,  the  nearer  to  the  time  at  which  the  cnp  closes  that  the  spraying  can  be 
done,  and  still  get  the  poison  inside,  the  .better,  for  the  less  danger  there  is  of  its 
being  washed  away. 

In  discassiDg  remedies  for  tbe  codling  moth^  tlie  Cornell  Station 
bulletin  makes  the  following  statement: 

No  panacea  for  the  codling  moth  has  yet  been  found,  bnt  by  thorough  work  by  % 
Paris  green  spray  we  can  often  save  at  least  75  per  cent  of  tiie  apples  that  would 
otherwise  be  rained  by  the  worms.  Where  more  than  two  broods  of  the  insect 
occur  daring  the  season,  as  in  Kansas,  Nebraska,  Oregon,  New  Mexico,  and  neigh- 
boring localities  in  tho  West,  and  in  the  Soath,  the  poison  spray  is  not  so  effective, 
£ofr  alUioogh  75  per  cent  of  the  first  brood  of  worms  may  be  killed  with  the  apray, 
the  few  worms  left  wUl  form  a  sufficient  nndeas  for  a  large  and  very  destractive 
second  or  third  brood.  In  these  localities  the  best  that  can  be  advised  at  present  is 
to  supplement  the  poison  spray  with  the  old  banding  system. 

The  Nebraska  Station  suggests  the  following  treatment  for  the 
codling  moth  under  the  conditions  prevailing  in  Nebraska: 

(1)  Spray  with  Paris  green,  as  generally  recommended^  about  one  week  after  tha 
blossoms  fall,  or  in  time  to  get  the  calyx  cups  well  filled  with  the  poison,  so  that 
they  may  close  over  and  hold  it  there. 

(2)  Spray  again  with  Paris  green  and  Bordeaux  mixture  combined,  or  with 
kerosene  emulsion,  about  June  1,  or,  better  still,  observe  carefolly  and  apply  this 
when  the  eggs  are  being  laid  in  abundance  on  the  leaves,  which  at  Lincoln  occurs 
at  about  this  date.  Laboratory  experiments  indicate  that  kerosene  emulsion  will 
be  more  effective  than  Paris  green  at  this  time. 

(3)  Scrape  the  bark  and  place  paper  bands  around  the  tree  about  tbe  lost  of 
June,  when  the  larve  are  beginning  to  leave  tbe  i^ple  to  pupate.  Examine  these 
two  or  three  times,  a  week  apart^  and  destroy  the  insects  found  beneath  theoi. 

(4)  If  these  methods  are  not  wholly  effective,  owing  to  the  proximity  of  neglected 
orchards  or  from  an  unusual  abundance  of  moths,  later  spraying,  with  either  Paria 
green  uid  Bordeaax  mixture  or  kerosene  emulsion,  may  do  some  good,  but  appar- 
ently can  not  be  expected  to  be  wholly  effeetive.  Late  spraying  with  arsenitea  ia 
much  more  likely  to  i^jore  the  foliage  than  eiarlier  applleations,  and  if  the  othex 
methods  are  thoroughly  followed  it  will  probably  be  unnecessary. 

(5)  If  larvse  are  still  found  in  the  apples  in  any  considerable  numbers  toward  the 
end  of  the  season,  place  paper  bands  about  the  tree  about  September  1  or  a  little 
earlier.  Leave  them  there  until  the  fruit  is  gathered  firom  the  orchard,  then  remove 
and  destroy  the  larvie  hibernating  beneath  them. 

(6)  Screens  placed  over  the  windows  and  doors  of  the  cellar  or  rooms  whece 
apples  have  been  stored  will  prevent  those  larve  which  are  taken  in  with  the  apples 
from  escaping  as  moths  in  the  spring. 

JKELUBALBH  ABTIOT0KE8  FOB  PIGS. 

Hach  has  been  written  on  the  subject  of  the  food  valae  ^  of  artichokes^ 
bat  very  few  carefol  experiments  have  been  made  to  det^mine  jnrt 
what  proportion  of  rations  for  fEirm  animals  can  be  profitably  made  up 

» U,  8.  Dept.  Agr.,  Farmezs'  BoL  73  (Expt.  Sta.  Work— IV,  p.  10). 
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of  these  tubers.  To  throw  light  on  this  point,  the  Orc«jon  Station  fed 
six  thrifty  Berkshire  pigs— which  had  been  running  on  wheat  stubble 
and  which  weighed  from  117  to  215  pounds  at  the  beginning  of  the 
experiment — from  October  22  to  December  11  on  artichokes,  supple- 
mented by  a  small  ration  of  equal  parts  of  chopped  wheat  and  oats. 

An  effort  was  made  at  the  outset  to  compel  the  pigs  to  subsist  od  a  diet  of  arti- 
eliokes  alone ;  but  in  the  absence  of  grain  there  was  very  Uttle  gain,  and  the  pigs 
were  not  contented.  They  were  yigorous  in  their  demands  for  something  more 
substantial. 

The  artichokes  were  grown  near  the  pens,  so  that  the  pigs  could  have  aecess  to 
them  whenever  they  desired.  The  tubers  were  left  in  the  ground  for  the  pigs  to 
root  out  as  they  were  needed. 

A  portion  of  the  plat  was  measured  and  the  artichokes  dag  to  determine  the  yield, 
which  was  found  to  be  740  bushels  per  acre. 

During  the  experiment  the  six  pigs  consumed  the  artichokes  grown 
on  one-eighth  acre  and  made  a  total  gain  in  live  weight  of  244  pounds, 
or  an  average  daily  gain  per  pig  of  0.81  pound.  The  pigs  consumed 
during  the  period  766  pounds  of  grain,  or  at  the  rate  of  3.1  pounds  of 
grain  for  each  pound  of  gain  in  live  weight.  In  other  experiments  it 
has  been  found  that  it  requires  about  5  pounds  mixed  grain  for  each 
pound  of  gain  in  live  weight  On  this  basis  the  feeding  of  the  arti- 
chokes resulted  in  a  saving  of  nearly  2  pounds  of  grain  for  each  pound 
of  gain  in  live  weight.  The  pigs  were  healthy  and  vigorous  throughout 
the  experiment. 

The  artichokes  used  in  this  exi>eriment  <^  were  planted  the  last  of 
April,  on  ground  plowed  deeply  and  prepared  as  we  would  prepare 
ground  for  potatoes.  The  tubers  were  planted  in  furrows,  which  were 
3  feet  apart.  The  seed  was  dropped  18  inches  apart  in  the  row  and 
covered  with  a  hoe.  The  plants  were  cultivated  a  few  times,  but  after 
the  tops  were  2  feet  high  no  further  cultivation  was  necessary.  The 
tops  grew  7  feet  high  before  the  end  of  the  season.^  The  pigs  left  only 
a  few  tubers  in  the  ground. 

SUPPLEMEHTS  TO  SKUTMILK  IV  FATTENING  CALVES. 

The  Iowa  Station  has  conducted  experiments  extending  over  a  num- 
ber of  years  to  learn  what  feeding  stuffs  may  be  profitably  combined 
with  skim  milk  for  calves.  In  two  of  the  tests  linseed  meal,  ground 
oats,  and  a  mixture  of  com  meal  and  flaxseed  were  compared  as  sup- 
plements to  separator  skim  milk.  In  the  last  test  reported  corn  meal 
was  also  included.  For  this  test  (which  covered  74  days)  twelve  calves 
were  divided  into  four  lots  of  three  each.  During  the  test  each  lot 
consumed  about  3,760  i>ounds  of  separator  skim  milk  and  1,480  pounds 
of  hay.  In  addition,  lot  1  was  fed  429  pounds  of  linseed  meal :  lot  2, 
605  pounds  of  oatmeal;  lot  3,  59  pounds  of  flaxseed  and  538  pounds  of 
corn  meal,  and  lot  4,  601  pounds  of  corn  meal.  The  lots  were  kept  in 
well-ventilated  sheds  with  yards  connecting.     Salt  and  water  were 
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always  accessible.    TLe  foods  consumed,  goiaa  made,  and  cost  per 
pound  of  gaiu  in  the  last  experiment  are  shown  in  the  following  table: 

Summary  of  reaulta  of  calf  feeding. 


NatrlUve 
ratio  of 
rmtion. 


Totftl 


daily 


Dry  mat- 
ter eaten 
perponad 
of  gain. 


Oostof 

feed  per 

pound  of 

gain. 


Lot  1.  Skim  milk,  hay,  with  linseed  meal. . 

Lot  2.  Skim  milk,  hay,  with  oatmeal 

Lot  8.  Skim  milk,  hay*  with  flaxseed  and 

meal 

Lot  i.  Skim  milk,  hay,  with  oom  meal 


lit 
1:4.1 


1:4.8 
l:4.t 


Pounit. 
483 
488 


SOB 


Poumds. 
1.03 
1.68 

LfiS 
L72 


4.13 
4.81 

4.82 
4.16 


€knti, 
12 

2.B 

3.0 


From  these  figures  it  appears  that  the  best  and  most  economical 
gains  were  made  on  com  meal  and  skim  milk*  Comparing  the  resolts 
of  all  the  tests  made,  it  is  found  that  ^<  in  each  of  the  three  experiments 
conducted  by  this  station  linseed  meal  has  given  lower  and  more  expul- 
sive gains  and  has  been  in  every  way  less  satisfactory  than  either  oat- 
meal or  com  meal  and  flaxseed.  •  •  •  The  results  indicate  that 
pure  ccorn  meal  is  superior  to  pure  linseed  meal  for  feeding  calves  in 
combination  with  skim  milk.'' 

While  (he  results  of  these  experiments  are  oontray  to  preTailing  ophiioi  eoneem- 
ing  the  relative  yftlae  of  these  foeds,  it  is  not  lumAtnral  or  in  any  waj  unreasonable 
that  <^e  carbonaceous  grains  shoold  be  more  suitable  for  feeding  with  skim  milk 
than  a  highly  nitrogenous  product  like  linseed  meal. 

The  eondnsion  seems  warranted  that  a  nitrogenons  feed,  snch  as  oil  meal,  is  neither 
necessary  nor  most  profitable  to  snpplement  a  separator-milk  ration  for  yonng  ealTes. 
AU  of  these  rations,  even  when  com  and  flaxseed  were  used,  were  narrower  tkaa 
whole  milk,  and  it  is  evident  that  the  clement  lacking  in  separator  milk  is  not  albu- 
minoids, but  fat  or  its  equiTolent— carbohydrates— in  some  form  palatable  and 
digestible  to  calves. 

In  recent  experiments  made  in  Holland  the  effect  of  incureasing  the 
fat  in  skim  milk  for  calves  or  of  adding  starch  was  tested*  Sufficient 
whole  milk  was  added  to  skim  milk  to  make  the  desired  amount  of  fat. 

When  starch  was  fed  it  was  cooked  to  a  paste  in  the  skim  milk. 
About  94  per  cent  of  the  starch  was  digested,  the  coefficient  of  digesti- 
bility being  as  high  as  in  the  case  of  the  adult  animal.  The  addition  of 
starch  to  the  ration  diminished  the  digestibility  of  protein  somewhat. 
It  was,  however,  on  the  whole  satisfactory,  although  the  luithor  belieyes 
that  fat  is  preferable. 

A  prominent  French  investigator  has  recentiy  published  the  results 
of  a  number  of  years'  experience  in  feeding  starch  and  skim  milk  to 
calves,  and  regards  this  combination  of  foods  as  very  satisfactory.  He 
states  that  a  calf  weighing  on  an  average  70  pounds  at  birth  should 
gain  about  2  x>ounds  in  weight  a  day,  about  6  quarts  of  milk  being 
required  for  this  by  a  calf  of  the  above  weight  When  the  calf  is  eight 
days  old,  starch  in  the  proportion  of  1.7  ounces  to  a  quart  of  milk  may 
be  substituted  for  whole  milk.    No  bad  resolts  foUow  the  change  ia 
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feed  and  the  gains  made  are  satisfactory.  The  starch  should  be  cooked 
to  a  smooth  paste  with  half  the  milk  used,  then  mixed  with  the  remainder 
and  fed  warm.  The  value  of  this  method  of  feeding  from  an  economical 
6tandx)oint  is  discussed  at  considerable  length. 

These  experiments  all  indicate  that  what  might  be  expected  on  theo- 
retical grounds  is  found  to  be  the  case  in  practice.  It  is  known  that 
the  body  requires  protein  for  its  growth  and  maintenance,  and  in  addi- 
tion fat  and  carbohydrates  for  supplying  the  necessary  energy.  Whole 
milk  is  the  normal  food  of  the  calf;  it  contains  a  sufficient  amount  of 
protein.  If  the  fat  is  removed,  the  skim  milk  supplies  the  same  amount 
of  protein  as  before,  but  something  must  be  added  as  a  source  of  energy. 
It  is  known  that  within  limits  fat  and  carbohydrates  are  interchangeable 
for  this  purpose.  In  the  experiments  cited  above  carbohydrates  (either 
in  form  of  starch  or  cereal  grains)  were  successfully  combined  with  skim 
milk  and  in  this  way  the  animal  was  supplied  with  an  abundance  of  pro- 
tein and  energy  and  made  s.atisfactory  gains.  When  it  is  possible  to 
supply  protein  in  a  by-product  such  as  skim  milk,  and  the  supplemen- 
tary material  in  an  inexpensive  form,  the  profitable  feeding  of  calves  is 
assured. 

PABTEUBIZATIOH  OF  MUX  FOB  BUTTEB  MAKING. 

The  adoption  of  pure  cultures  for  starters  in  ripening  cream  has  led 
to  the  quite  general  use  in  Denmark  of  pasteurized  milk  or  cream  for 
butter  making.  This  pasteurization  deprives  the  cream  or  milk  of  a 
large  part  of  the  bacteria  which  it  always  contains  so  that  the  bacteria 
of  the  pure  culture  predominate  from  the  first  and  largely  crowd  out 
those  in  the  cream.  In  this  way  the  effects  of  the  pure  culture  are 
more  marked  and  are  not  partially  masked  by  the  growth  of  other 
kinds  of  bacteria.  The  use  of  pure  cultures  in  unpasteurized  cream 
has  been  likened  to  the  selecting  of  clover  seed  with  great  care  so  as 
to  avoid  all  foul  seed,  and  then  planting  it  on  soil  that  has  not  been 
previously  prepared  in  any  way,  in  which  case  it  could  hardly  be 
expected  that  the  clover  would  come  up  clean  and  remain  free  from 
weeds.  Similarly,  the  dairyman,  who  in  using  pure  cultures  is  simply 
carrying  on  bacterial  farming,  can  hardly  expect  to  reap  the  full  advan- 
tage of  the  pure  cultures  without  first  destroying  the  growing  bacteria 
that  exist  in  the  milk  and  cream. 

Although  the  use  of  pure  cultures  has  become  quite  extensive,  the 
practice  of  pasteurizing,  which  has  practically  displaced  the  old  sys- 
tems in  Denmark,  has  found  little  if  any  application  in  commercial 
creameries  in  this  country.  An  extended  test  of  the  method,  recently 
reported  by  the  Wisconsin  Experiment  Station,  throws  much  light 
upon  its  practicability  and  advantages,  and  the  class  of  creameries 
which  may  be  expected  to  benefit  by  it.  Experiments  on  a  commer- 
cial scale  were  made  at  the  creamery  of  the  Wisconsin  Dairy  School, 
extending  from  February  to  August,  thus  covering  winter,  spring,  and 
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Bummer  oonditioos*  In  t^ese  experiments  a  iMirt  oi  ttie  milk  wm 
creamed  with  a  seiuirator  in  the  ordinary  way,  and  another  part  was 
pas^teurized  before  creaming  by  rannlng  it  throagb  a  continaons  paa- 
tearizing  apparatus  which  heated  it  to  about  156^  F»  This  pasteodza- 
tion  killed  about  94  x>er  cent  of  the  living  germs  in  the  milk«  The 
pasteurized  and  uupastenrized  cream  was  made  into  butter  by  a  uni- 
form method^  using  a  pure  culture  starter  for  ripening  the  cream^  and 
the  product  was  scored  by  an  expert  in  Chicago  when  fresh  (from  one 
to  two  weeks  old)  and  several  weeks  later,  after  it  had  been  stored  in 
a  butter  cellar^  Tbe  average  flavor  score  (on  the  basis  of  45  as  perfect 
flavor)  of  102  chnrnings  of  fresh  nnsterilized  butter  was  40j60,  and  of 
75  of  pasteurized  butter  was  40.63»  practically  the  sam&  A  slightly 
larger  proportion  of  the  unpasteurized  Uian  the  pasteurized  butter 
scored  42  points  or  more.  In  regard  to  the  flavor  the  authors  of  the 
bulletin  say: 

The  difTerence  hi  the  firesh  aeoares  m  bo  alight  that  It  is  impossible  f^rom  these  scores 
to  cooolode  tliat  oae  system  produces  h^ker  flarov  than  tke  other.  The  seoiei^ 
however,  claimed  to  be  able  to  detect  the  pasteurized  batter  by  ita  ''sweet/' 
''cnrdy,"  ^'flaf  taste,  bnt  did  not  materiaUj  reduce  his  score  on  this  acconnt. 
This  conclusion  is  of  material  consequence,  as  it  is  nsnally  claimed  that  as  high  a 
flavor  can  not  be  secured  in  pasteurized  butter  as  in  that  made  in  the  ordinary  way. 

Dividing  tiia  nodi  into  monthly  periods  (Fetonury-August),  it  e&n  not  be  said 
that  pasteurizing  affects  the  quality  of  the  butter  more  at  one  period  than  another. 

The  grain  or  body  of  the  butter  from  pasteurized  milk  was  scored 
considerably  lower  than  that  made  firom  unpasteurized  milk.  In  other 
words,  the  pasteurizing  process  appears  to  injure  the  grain  or  body  of 
the  butter,  according  to  American  standards,  although  it  is  suggested 
that  there  might  not  have  been  this  difference  if  the  butter  had  been 
scored  in  markets  where  pasteurized  butter  was  common. 

The  pasteurized  butter  kept  better  than  that  from  unpasteurized 
milk.  On  the  average,  thirty-nine  packages  of  unpasteurized  butter 
deteriorated  1£  points  in  flavor  by  keeping  in  a  butter  cellar  for  two 
to  four  weeks,  while  thirty  samples  of  the  pasteurized  butter  lost  only 
0.85  of  a  point  under  the  same  treatment  On  this  point  the  butter 
expert  in  CWcago  says:  "Usually  I  have  not  been  much  in  favor  of 
pasteuriziug  cream,  but  the  test  that  I  have  just  made  of  tiiese  Spound 
pails  that  were  held  in  storage  shows  to  me  that  the  pasteurizing 
appears  to  help  hold  the  sweetness  for  two  or  three  weeks  probably 
better  than  unpasteurized  butter." 

The  yield  of  butter  from  x>asteurized  milk  was^  on  the  average,  a  lit- 
tle less  than  that  from  unpasteurized  mUk.  The  heat  applied  in  pas- 
teurizing was  in  no  way  unfavorable  to  the  separation  of  cream,  but  in 
hot  weather  the  buttermilk  fix)m  the  pasteurized  cream  contained 
somewhat  more  butter  fat.  This  was  thought  to  be  due  to  the  fact 
that  the  pasteurized  cream  was  not  as  thoroughly  cooled,  owing  to  the 
higher  temperature  to  which  it  had  been  heated,  for  at  other  seasons 
tbere  was  not  much  difference  in  the  amount  of  fat  left  in  the  butter- 
milk. ^         . 
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Afl  to  the  vnifSodrmity  of  thA*  prodnet^  thfiie  was  only  a  sligbt  differ- 
ttifie  in  favor  of  the  pastearized  butter^  as  betli  kinds  of  butter  were 
finite  uuifairm  ia  qaalitj.  It  aliould  be  remefiabeced  m  this  oonsection 
ttiat  tbe  butter  was  made  m  tbe  dairy  aehool  creameryy  under  tlse 
dxrection  oi  experts^  aad  under  the  moet  favorable  conditions  fir 
making  a  uniform  product  by  the  ordinary  methoda.  The  normal  prod- 
vet  of  this  creamery  is  very  uniform,  and  <^uite  likely  greater  difiTct- 
ences  in  the  muiformity  and  in  the  keeping  quality  of  the  pasteurized 
product  would  bave  been  apparent  in  the  average  creamery* 

Considering  the  extra  lab(Nr  and  expense  involved  in  tike  papocesfl, 
and  the  i»resent  demands  of  the  American  market,  the  station  does  not 
recommend  its  introduetioQ  into  creameries  tkat  already  make  a  good 
product.  It  is  believed,  however,  that  in  cream^ies  whero  diffieulty  is 
expeiieneed  in.  making  a  thoroughly  first-class  prodaet  of  uniform 
quality  it  would  be  a  material  advantage^ 

<^If  the  demand  for  export  butter  shoakL  evttr  reodi  any  eon»dec- 
able  proportions,  the  employment  of  this  ^steia  might  be  of  value, 
since  the  i^esent  standards  dem^ided  by  the  foreign  market  are  as 
easily  obtainable,  or  even  siore  so^  by  the  pasteurizing  system  as  any 
other.  Then,  again,  it  should  bo  remembered  the  metheds  maed  in  th«9 
system  have  by  no  means  reached  tiieir  highest  state  of  perfoctkoo,  and 
that  further  study  may  give  us  better  results.'^ 

SASSY  AHS  TAISTED  CUEXM34 

The  progress  of  investigation  on  the  relation  of  bacteria  and  other 
micro-organisms  to  cheese  making  has  shown  in  a  striking  way  to  how 
great  an  extent  the  production  of  inferior  cheese  is  due  to  the  failure 
of  the  cheese  maker  to  prevent  or  control  the  action  of  undesirable 
bacteria.  A  common  trouble  is  the  presence  of  disagreeable  taints 
which  develop  in  the  milk  and  curd  during  cheese  making.  These  are 
usually,  though  not  always,  accompanied  by  the  formation  of  gas, 
which  results  in  a  gassy  curd.  Several  of  our  stations  have  investi- 
gated the  cause  of  these  troubles,  notably  the  Wisconsin  Station,  and 
a  recent  investigation  at  the  !N'ew  York  Cornell  Station  was  undertaken 
to  determine  tbe  source  of  the  infection. 

A  cheese  factory  in  which  the  difficulty  occurred  received  milk  from  a 
dairy  in  which  there  had  been  considerable  trouble  from  cows  retaining 
the  placenta  or  afterbirth.  This  was  popularly  believed  to  be  the 
source  of  the  taints  in  the  milk  and  the  gassy  curd.  An  investigation 
of  the  milk  and  curd  showed  that  both  the  taint  and  the  gas  were 
caused  by  a  species  of  gas-producing  bacteria.  In  proof  of  this,  cheese 
was  made  from  sterilized  milk,  to  which  a  culture  of  this  bacillus  was 
added,  with  the  result  that  the  taint  and  the  gassy  cord  developed. 
When  the  milk  of  the  cows  which  had  sufitered  from  retained  jdaeenta 
was  rejected  the  taint  and  gassy  curd  continued  to  develop,  and  om 
lamining  tbe  milk  of  each  of  the  cows  in  the  dairy  it  was  found  tkaA 


Digitized  by  VjOOQ IC 


26 

the  bacteria  prodacing  fhe  gas  and  taint  were  present  more  or  less 
constantly  in  tlie  milk  of  all  the  animals.  An  examination  of  the  water 
used  in  cleaning  the  ntensils  and  of  the  dost  and  filth  of  the  stable 
failed  to  establish  these  as  sources  of  the  bacteria.  After  the  stable 
was  thoroughly  cleaned  and  disinfected  the  trouble  continued.  This 
suggested  that  the  germs  got  into  the  mUk  through  the  teat  rather  than 
from  the  particles  of  dust  which  fell  into  the  milking  utensils.  It  is 
known  that  bacteria  are  able  to  work  their  way  up  into  the  opening  of 
the  teat  and  there  continue  theur  growth,  being  partly  washed  out  dur- 
ing milking,  enough  being  left  to  continue  the  growth.  In  this  way 
the  freshly  drawn  milk  continues  to  be  inoculated  with  the  germs,  and 
under  these  conditions  it  is  impossible  to  obtain  germ-free  milk  even 
when  every  possible  precaution  is  observed.  That  this  theory  regard- 
ing the  source  of  the  bacteria  in  this  case  is  correct  is  strengthened  by 
the  results  of  examinations  which  were  made  of  the  teats  and  udders 
of  a  number  of  cows  slaughtered  on  account  of  tuberculosis.  The 
cows  were  milked  before  they  were  slaughtered,  and  immediately  after 
slaughtering  the  udders  were  dissected  and  bacteria  cultures  made 
firom  the  milk  found  in  them  and  from  the  tissue.  The  same  organisms 
were  found  in  the  milk  and  in  the  milk  cistern  and  udders  of  the  cows^ 
showing  that  the  bacteria  remained  in  the  udders  after  milking,  ready 
to  infect  the  next  succeeding  milking. 

When  the  source  of  infection  is  located  in  the  passage  of  the  teats 
or  the  udder,  the  difficulty  of  removing  it  is  much  greater  than  when 
it  is  due  to  some  external  infection^  but  in  the  case  cited  the  observa- 
tion of  unusual  cleanliness  in  the  stable,  and  the  constant  cleaning  of 
the  udders  and  teats  was  rewarded  by  the  gradual  disappearance  of 
the  taint.  The  constant  cleaning  prevented  reinfection,  so  that  when 
the  teats  happened  to  be  cleared  of  the  organism  they  were  not  again 
infected  with  it. 

One  of  the  chief  lessons  from  work  of  this  sort  is  the  necessity  of 
cleanliness  in  the  stable  and  in  the  care  of  the  cows,  and  prompt  atten- 
tion to  any  taint  which  may  appear  in  the  milk.  A  taint  is  like  a  con- 
tagious disease.  It  starts  from  some  point,  possibly  a  single  cow,  and 
spreads  rapidly  or  is  communicated  to  the  milk  of  the  other  cows  by 
mixing  the  milk.  Like  contagion,  it  is  much  more  easily  controlled 
and  suppressed  in  the  earlier  stages,  before  it  has  become  widespread; 
later,  not  only  the  cows  themselves,  but  the  stable,  dairy  utensilSy 
clothes  of  the  milker,  etc.,  become  charged  with  the  germs  causing  it 
and  are  sources  of  the  infection  until  they  aire  disinfected. 

PXIEE  CULTXIEES  OF  BAGTEBIA  FOB  CHEESE  MAKING. 

The  use  of  pure  cultures  of  bacteria  for  ripening  the  cream  in  butter 
making  has  become  very  familiar  within  the  past  few  years,  and  has 
been  adopted  in  creameries  to  some  considerable  extent.  But  the  use 
of  pure  cultures  in  cheese  making  has  more  of  the  element  of  novelty 
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In  it.  Two  or  three  years  ago  tlie  Wisconsin  Experiment  Station  made 
some  experiments  with  a  pare  culture  of  the  bacteria  causing  the  soar- 
ing of  milk,  which  is  believed  to  be  a  potent  factor  in  the  ripening  of 
cheese.  In  the  opinion  of  a  disinterested  party  who  scored  the  cheeses, 
the  use  of  the  pure  culture  improved  not  ouly  the  flavor  of  the  cheese, 
but  its  texture  as  well.  In  addition  to  this,  the  cheeses  made  with  the 
pure  culture  were  more  uniform  in  quality  than  cheeses  made  at  the 
same  time  without  any  starter,  there  being  less  variation  in  flavor  and 
texture  of  different  cheeses  made  on  the  same  day. 

Eecently,  experiments  in  Scotland  have  been  reported  in  which  pure 
cultures  were  used  on  a  commercial  scale.  The  cultures,  like  those 
used  at  the  Wisconsin  Station,  consisted  of  a  form  of  lactic-acid  bac- 
teria, which  subsequent  investigation  showed  to  be  very  prevalent  in 
sour  milk,  whey,  and  cheese  of  flne  quality,  and  very  similar  to  the  pure 
cultures  used  for  batter  making.  The  pure  cultures  were  tested  quite 
extensively  at  one  factory  daring  the  summer,  and  were  also  tried  by 
thirty- two  different  cheese  makers.  More  than  100  tons  of  cheese  was 
made  with  their  use.  The  qualities  of  the  cheese  were  good,  and  there 
was  an  absence  of  ^Hhe  undesirable  fodder  taste  common  to  spring 
cheese.'^  A  number  of  the  cheese  makers  who  tested  the  cultures  con- 
tinued to  use  them  all  sommer  and  requested  that  they  be  supplied  with 
them  the  following  season.  In  several  cases  cheese  made  with  the  pure 
cultures  took  prizes  at  exhibitions.  One  noticeable  result  from  their 
use  was  greater  uniformity  in  the  product. 

Trials  of  pure  cultures  in  two  dairies  for  the  purpose  of  preventing 
discoloration  of  the  cheese  resulted  favorably,  "and  in  a  third  dairy 
4isoolorattion  ceased  as  soon  as  the  culture  was  used." 

The  author  considers  that  the  experiments  have  shown  the  use  of 
pure  cultures  in  cheese  making  to  be  both  successful  and  practical,  and 
believes  that  there  is  every  probability  that  the  system  may  be  used 
with  great  advantage  where  there  is  danger  of  discoloration,  difficulty 
in  getting  a  filrm  curd,  where  a  starter  of  some  kind  is  necessary  owing 
to  the  conditions  for  keeping  milk  being  imperfect,  where  there  is  trouble 
f]X)m  tainted  milk  or  tainted  curd,  for  the  production  of  cheese  in  spring 
and  autamn,  and  for  securing  greater  uniformity  in  quality. 
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EXPLANATION  OF  TERMS. 


TERMS  USED  IN  DISCUSSING  FERTILIZERS. 

Complete  fertilizer  is  one  which  contains  the  three  essential  fertilizing  oonstitnc 
ents,  i.  e..  nitrogen,  phosphoric  acid,  and  potash. 

Nitrogen  exists  in  fertilizers  in  three  distinct  forms,  viz,  as  organic  matter,  ai 
ammonia,  and  as  nitrates,    tt  is  the  most  expensive  fertilizing  ingredient. 

Organic  nitrogen  is  nitrogen  in  combination  with  other  elements  either  as  vege- 
table or  animal  matter.  The  more  valuable  sources  are  dried  blood,  dried  meat, 
tankage,  diied  Osh,  and  cotton-seed  meal. 

Ammonia  is  a  compound  of  nitrogen  more  readily  available  to  plants  than  organic 
nitrogen.  The  most  common  form  is  sulphate  of  ammonia,  or  ammonium  sulphate. 
It  is  one  of  the  first  products  that  results  from  the  decay  of  vegetable  or  animal 
substances. 

Nitrates  furnish  the  most  readily  available  forms  of  nitrogen.  The  most  common 
are  nitrate  of  soda  and  nitrate  of  potash  (saltpeter). 

Phosphoric  acid,  one  of  the  essential  fertilizing  ingredients,  is  derived  from 
materials  called  phosphates.  It  does  not  exist  alone,  but  in  combination,  most  com- 
monly as  phosphate  of  lime  in  the  form  of  bones,  rock  phosphate,  and  phosphatio 
slag.  Phosphoric  acid  occurs  in  fertilizers  in  three  forms — soluble,  reverted,  and 
insoluble  phosphoric  acid. 

Potash,  as  a  constitnont  of  fertilizers,  exists  in  a  number  of  forms,  but  chiefly  as 
ohlorid  or  muriate  and  as  sulphate.  All  forms  are  freely  soluble  in  water  and  are 
believed  to  be  nearly,  if  not  quite,  equally  available,  but  it  has  been  found  that  the 
chloride  may  injuriously  affect  the  quality  of  tobacco,  potatoes,  and  certain  other 
crops.  The  chief  sources  of  potash  are  the  potash  salts  from  Stassfurt,  Germany — 
kainit,  sylviuit,  muriate  of  potash,  sulphate  of  soda,  and  sulphate  of  potash  and 
magnesia.    Wood  ashes  and  cotton-hull  ashes  are  also  sources  of  potash. 

TERMS  USED  IN  DISCUSSING  FOODS  AND  FEEDING  STUFFS. 

"Water  is  contained  in  all  foods  and  feeding  stuffs.  The  amount  varies  ft'om  8  to 
15  pounds  per  100  pounds  of  such  dry  materials  as  hay,  straw,  or  grain  to  80  pounds, 
in  silage  and  90  pounds  in  some  roots. 

Dry  matter  is  the  portion  remaining  after  removing  or  excluding  the  water. 

Ash  is  what  is  left  when  the  combustible  part  of  a  feeding  stuff  is  burned  away. 
It  consists  chiefly  of  lime,  magnesia,  potash,  soda,  iron,  ohlorln,  and  carbonic,  sul- 
phuric, and  phosphoric  acids,  and  is  used  largely  in  making  bones.  Part  of  the  ash 
constituents  of  the  food  is  stored  up  in  the  animal's  body;  the  rest  is  voided  in  ths 
urine  and  manure; 

Protein  (nitrogenous  matter)  is  the  name  of  a  group  of  substances  containing 
nitrogen.  Protein  furnishes  the  materials  for  the  lean  flesh,  blood,  skin,  muscles, 
tendons,  nerves,  hair,  horns,  wool,  casein  of  milk,  albumen  of  eggs,  etc.,  and  Ib  ons 
of  the  most  important  constituents  of  feeding  stuffs. 

Gluten  is  the  name  given  to  one  of  the  most  important  of  the  nitrogenous  sub- 
stanoes  classed  together  under  the  general  term  ''  protein.''    '*  Wheat  gum,''  obtained 
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by  carefully  chewing  wheat,  is  a  familiar  example.  It  is  the  glaten  of  flour  that 
gives  consistency  to  dough. 

Carbohydrates. — ^The  nitrogen-free  extract  and  fiber  are  often  classed  together 
imder  the  name  of  carbohydrates.  The  carbohydrates  form  the  largest  part  of  all 
Tegetable  foods.  They  are  either  stored  np  as  fat  or  burned  in  the  body  to  produce 
heat  and  energy.  The  most  common  and  important  carbohydrates  are  sagar  and 
starch. 

Fiber,  sometimes  called  crude  eellnlose,  is  the  framework  of  plants,  and  is,  as  a 
rule,  the  most  indigestible  constituent  of  feeding  stuffs.  The  coarse  fodders,  such 
as  hay  and  straw,  contain  a  much  larger  proportion  of  fiber  than  the  grains,  oil 
cakes,  etc 

Nitrogen-free  extract  includes  starch,  sugar,  gums,  and  the  like,  and  forms  an 
important  part  of  all  feeding  stuffs,  but  especially  of  most  grains. 

Fat,  or  the  mat^als  dissolved  from  a  feeding  stuff  by  ether,  is  a  substance  of 
mixed  character,  and  may  include,  besides  real  fats,  wax,  the  green  coloring  matter 
of  plants,  etc.  The  iat  of  food  is  either  stored  up  in  the  body  as  fat  or  burned  to 
furnish  heat  and  energy. 

BOISCZSLLANBOnS  TERMS. 

Alkali  Boils. — SoUs  found  in  arid  or  somiarid  regicmSy  which  contain  an  unusual 
amount  of  soluble  mineral  salts  (alkali),  which  effloresce  or  bloom  out  in  the  form 
of  a  white  powder  or  crust  in  dry  weather  following  rains  or  irrigation.  Two  dis- 
tinct classes  of  alkali  are  known :  White  akali,  composed  largely  of  sulphate  of 
soda  and  conmion  salt,  which  is  comparatively  harmless;  and  black  alkali,  com- 
posed largely  of  carbonate  of  soda,  which  is  highly  corrosive  and  destructive  to 
vegetation. 

Hnmua  t»  the  name  applied  to  the  partially  decomposed  organic  (animal  and  v^e- 
iable)  matter  of  the  soil.    It  is  the  principal  source  of  nitrogen  in  the  soil. 

Micro-organism,  or  mioroacopic  organiam,  is  a  plant  or  animal  too  small  to  bo 
seen  without  the  aid  of  a  compound  microscope. 

Bactevlam  (plural.  Bacteria)  is  the  nanw  applied  in  common  to  a  number  of  differ- 
ent or  closely  related  microscopic  organisms,  all  of  which  consist  of  single  short 
cylindrical  or  elliptical  cells  or  two  such  cells  joined  end  to  end  and  capable  of  spon- 
taneous movement.  Many  kinds  of  bacteria  are  harmful  and  cause  diseases  and 
other  injurious  effects,  but  many  are  b^ieficial.  Among  the  latter  are  those  which 
give  aroma  to  tobacco  and  flav<»  to  butter  and  cheese,  and  those  which  enable 
leguminous  plants  to  use  the  free  nitrogen  of  the  air. 

Bacillna  (plural.  Bacilli)  is  a  genus,  or  kind,  of  Bacterium. 

Culture,  as  here  applied  to  bacteria  or  other  organisms,  is  the  product  of  their 
growth  under  artificial  conditions^ 

Pure  cultnre  is  a  culture  containing  one  kind  of  organism.  Pure  cultures  of 
yeast  are  used  in  wine  making,  and  pure  cultures  of  bacteria  are  used  in  butter  and 
cheese  making,  and  for  other  purposes,  to  insure  a  uniform  product. 

Sterilized  milk  or  cream,  properly  speaking,  is  that  in  which  all  the  germs  have 
been  destroyed  (usually  by  repeated  heating  to  212^  F. — boiling  point),  but  in  dairy 
piactice  the  term  is  applied  to  milk  or  cream  which  has  be^i  heated  once  to  a  tem- 
perature of  about  212^  F. 

Pasteurized  milk  or  cream  is  that  which  has  been  heated  to  a  temperature  (about 
155^  F.)  which  does  not  kill  all  the  bacteria,  but  only  those  which  are  in  a  vegeta- 
ting condition  and  ready  to  begin  their  activity  at  once. 
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FARMERS'  BULLETINS. 

•The  following  is  a  list  of  the  Farmers'  Bulletins  available  for  distribution,  showing 
the  number,  title,  and  size  in  p^es  of  each.  Copies  will  be  sent  to  any  address  on 
application  to  Senators,  Representatives,  and  Delegates  in  Congress,  or  to  the  Secre- 
tary of  Agriculture,  Washington,  D.  C. : 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  Agbicultueb, 

Office  of  Experiment  Stations, 

Washington^  D.  0.,  February  4, 1899. 
8m:  I  have  the  honor  to  traDsmit  herewith  an  article  on  sugar  as 
food,  prepared  by  Mrs.  Mary  Hinman  Abel,  in  accordance  with  instruc- 
tions given  by  the  Director  of  this  Office. 

In  preparing  the  article  Mrs.  Abel  has  made  an  extended  study  of 
the  literature  of  the  subject  and  has  had  the  opportunity  of  discussing 
doubtful  points  with  specialists  in  physiology  and  hygiene. 

The  work  of  the  Division  of  Chemistry  of  the  Department  has  been 
drawn  upon  as  well  as  the  results  of  the  nutrition  investigations  con- 
ducted under  the  direction  of  this  Office. 

The  relatively  small  number  of  definite  investigations  regarding  the 
food  value  of  sugar  which  have  been  found  is  a  matter  of  some  surprise. 
There  are  a  number  of  points  concerning  the  actual  food  value  of  this 
staple  article  of  diet  which  are  rather  matter  of  opinion  than  estab- 
lished fact.  This  emphasizes  the  need  of  exx>eriment«  along  these  lines. 
It  is  believed  that  this  article  is  a  useful  summary  of  available  infor- 
mation concerning  sugar  as  a  food,  and  its  publication  as  a  Farmers' 
Bulletin  is  therefore  respectfuUy  recommended. 

A.  0.  True, 

Director. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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SUGAR  AS   FOOD. 


EXTENT  OF  THE  USE  OF  SUGAB. 

The  pleasant  flavor  of  sugar,  together  with  what  wo  now  know  of  its 
nutritive  value,  will  account  for  its  great  popularity  as  a  food.  It  may 
almost  be  said  that  people  eat  as  much  sugar  as  they  can  get,  and  the 
consumption  of  sugar  in  different  countries  is,  in  general,  proportional 
to  their  wealth. 

The  English-speaking  people  are  the  largest  consumers  of  sugar. 
In  1895  England  consumed  86  pounds  per  capita  and  the  United  States 
04  pounds,  although  still  larger  amounts  are  said  to  be  consumed  in 
sugar-growing  districts,  largely  in  the  form  of  the  ripe  cane.  Denmark 
and  Switzerland  consumed  in  the  same  year  45  pounds  per  capita,  and 
Germany,  France,  and  Holland  about  30  pounds.  JN'ear  the  end  of  the 
list  are  Italy,  Greece,  and  Turkey,  with  a  consumption  of  less  than  7 
pounds  per  capita.  The  consumption  of  sugar  is  everywhere  increas- 
ing. Seven  to  eight  million  tons  are  used  annually  in  the  different 
countries  of  the  world. 

CHEMICAL  COMPOSITIOH  OF  SUGAR. 

By  the  term  sugar  as  here  used,  is  meant  cane  sugar,  so  called  be- 
cause it  was  first  manufactured  from  the  sugar  cane,  although  it  is  also 
found  in  the  juice  of  a  number  of  plants.  Besides  cane  sugar  there 
are  a  number  of  other  sugars,  as  grape  sugar,  fruit  sugar,  and  milk 
sugar.  Considered  chemically,  all  sugars  are  carbohydrates;  that  is, 
bodies  composed  of  the  three  elements — carbon,  hydrogen,  and  oxy- 
gen— the  oxygen  and  hydrogen  being  in  the  same  proportion  as  in 
water,  which  is  made  up  of  two  atoms  of  hydrogen  and  one  of  oxygen. 
The  principal  carbohydrates  which  serve  as  food  may  be  classified  as 
follows:  (1)  Monosaccharids,  including  hexoses,  such  as  glucose,  or 
grape  sugar,  and  levulose,  or  fruit  sugar,  made  up  of  6  atoms  of  carbon, 
12  atoms  of  hydrogen,  and  6  atoms  of  oxygen;  (2)  disaccharids,  such  as 
cane  sugar  and  milk  sugar,  made  up  of  12  atoms  of  carbon,  22  of  l\ydro- 
gen,  and  11  of  oxygen,  and  (3)  polysaccharids,  such  as  starches,  made 
up  of  6  atoms  of  carbon,  10  of  hydrogen,  and  5  of  oxygen,  this  combi- 
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nation  being  repeated  an  unknown  number  of  times.  It  will  be  seen 
that  the  second  group  is  twice  the  first  minus  the  elements  of  water, 
and  that  the  third  is  the  same  as  the  first  miuus  water.  When  by 
chemical  means  water  is  added  to  the  second  group,  it  is  separated 
into  two  hexoses,  and  when  water  is  added  chemically  to  group  3,  two 
or  more  hexoses  are  formed.  This  process  is  called  inversion,  or  hydrol- 
ysis, and  may  be  produced  in  a  number  of  ways.  It  is  spoken  of  later. 
It  will  be  seen  that  each  group  contains  a  number  of  different  mem- 
bers; for  example,  grape  sugar  and  fruit  sugar  have  the  same  chemical 
composition.  This  does  not  mean  that  they  are  identical  bodies.  Their 
diflTerence  in  properties  is  explained  on  the  ground  that  although  they 
contain  the  same  kinds  of  elements  with  the  same  number  of  atoms,  the 
atoms  are  differently  grouped.  This  must  not  be  confused  with  the  fact 
that  the  same  sort  of  sugar  may  be  obtained  from  widely  different 
sources:  thus,  grape  sugar  is  found  in  grapes  and  other  fruits^  and 
cane  sugar  is  found  in  the  juice  of  the  sugar  cane,  beets,  carrots,  and 
other  plants. 

CHARACTERISTICS  OF  CANE  SUGAR. 

In  appearance  pure  cane  sugar  consists  of  a  mass  of  white  crystals. 
It  dissolves  easily  in  about  one-half  its  weight  of  cold  water  and  in 
still  less  of  hot  water.  It  is  very  swe^  to  the  taste,  two  mid  onehi^ 
times  as  sweet  as  grape  sugar. 

At  320°  F.,  which  is  considerably  above  the  boiling  point  of  water 
(2120  F.),  sugar  melts  into  a  colorless  liquid  which  rapidly  takes  on  an 
amber  hue.  If  cooled  at  this  point,  it  hardens  into  a  glassy  mass, 
transparent  and  brittle,  called  ^  barley  sugar."  If  heated  still  higher, 
it  browns,  becoming  less  sweet  and  taking  on  a  bitter  flavor.  This 
browned  sugar  is  called  caramel.  Old-fashioned  brown  sugar  owed  its 
color  and  flavor,  rn  part,  at  least,  to  caramel,  for,  as  sugar  was  formerly 
made,  in  the  process  of  evaporation  over  the  open  fire  some  of  the  sugar 
was  caramelized  or  half  burnt,  since  in  the  final  stoges  the  mass  became 
so  thick  that  it  could  not  move  about  freely  and  exchange  heat,  and 
the  layer  next  to  the  bottom  of  the  kettle  was  raised  far  above  the 
boiling  point. 

CHARACTERISTICS  OF  OTHER  KINDS  OF  SUGAR. 

As  already  stated,  there  are  other  sugars  besides  cane  sugar.  The 
one  most  frequently  met  with  is  dextrose  or  grape  sugar,  which  is  much 
less  sweet  than  cane  sugar  and  differs  from  it  chemically.  It  may  be 
seen  in  yellowish  grains  in  the  raisin  and  is  found  in  small  quantitiea 
in  other  fruits.  Dextrose  chiefly  occurs,  however,  as  the  result  of  the 
change  known  as  inversion,  which  takes  place  in  cane  sugar,  starch, 
etc.,  when  heated  in  a  solution  with  dilute  acids  or  when  treated  In 
«»omo  other  way  to  induce  hydration — i.  e.,  cause  them  to  unite  eheini- 
'y  with  water.    Cane  sugar  in  this  case  splits  up  into  a  mixture  of 

uigiiizea  oy  'vj  v>'v^'^^l\^ 


dextrose  and  levnlose,  known  as  "  invert '^  sngar.    The  commercial 
glucose  is  dextrose  mad©  by  BydroHzing  stareb. 

Cooks  have  often  observed  that  more  sugar  is  necessary  in  sweeten- 
ing acid  frnits  if  it  is  heated  with  them  from  the  first  than  if  it  be 
added  when  the  cooking  is  completed.  This  is  because  some  of  the 
cane  sug.'u:,  acted  on  by  the  heat  and  acid,  has  been  changed  to  those 
other  bodies  which  are  less  sweet.  The  efiPect  of  heat  and  acids  in 
"inverting"  cane  sugar  has  constantly  to  be  kept  in  view  in  the  manu- 
facture of  sugar.  By  the  slow  methods  formerly  in  use  on  the  sugar 
plantations  the  juice  of  the  cane  was  already  sour  when  the  boiling 
began,  and  these  acids  in  the  presence  of  heat  inverted  much  of  the 
cane  sugar,  and  the  mischief  was  further  increased  because  the  very 
presence  of  glucose  or  of  caramel  in  a  solution  of  cane  sugar  renders  i 
the  crystallization  of  the  sugar  very  difficult.  The  confectioner  knows 
that  if  he  wishes  to  prevent  a  concentrated  solution  of  sugar  from 
crystallizing,  as  in  making  "fondant"  or  soft  filling  for  bonbons,  he  has 
but  to  add  a  small  proportion  of  commercial  glucose. 

The  change  of  cane  sugar  in  solution  to  dextrose  and  levnlose  is 
brought  about  to  some  extent  by  the  action  of  heat,  even  when  no  acid 
is  present.  It  is  also  caused  by  the  action  of  certain  ferments,  such  as 
inverting  an  enzym  which  occurs  in  connection  with  yeaat^  and  by 
ferments  found  in  the  intestinal  tract 

Milk  sugar  is  another  important  sugar.  Milk  yields  from  four  to  five 
-peT  cent  of  this  form,  and  it  is  not  found  elsewhere.  It  is  said  to  be 
the  most  digestible  sugar  for  infiants. 

Honey  as  stored  by  the  honeybee  was  formerly  very  highly  prized 
aa  a  food  and  flavor.  This  is  less  the  case  since  cane  sugar  has  become 
BO  cheap  and  plentiful.  In  addition  to  very  small  quMitities  of  cane 
sugar,  honey  consists  of  a  mixture  of  glucose  and  levulose  (about  37 
per  cent  of  each).  Honey  also  contains  water  and  a  small  amount  of 
mineral  matter.  It  owes  its  flavor  to  volatile  bodies  found  in  the 
flowers  from  which  it  is  obtained,  and  this  flavor  varies  according  to 
the  source  from  which  the  honey  is  gathered,  that  from  some  flowers 
having  a  more  agreeable  flavor  than  that  from  others*  Honey  has 
been  used  firom  the  earliest  times,  and  is  generally  regarded  as  whole- 
some in  moderate  amounts.  Strained  honey  is  very  frequently  adul- 
terated with  commercial  glucose  sirup  and  other  materials.  TVhile 
there  is  no  reason  for  assuming  that  the  mannfiictured  glucose,  if 
properly  preimred,  is  more  harmful  than  the  glucose  found  in  fruits, 
it  is  a  c^aper  article,  and  the  fraud  ccmsists  in  selling  a  low-cost  article 
under  a  false  name  for  a  high  price. 

Glycogen  is  a  ciurbohydrate  having  the  same  chemical  comi)osition  as 
starch.  It  has,  however,  different  chemical  properties.  Glycogen  is 
fimnd  in  small  amounts  in  muscular  tissue,  and  more  abundantly  in  the 
liver,  wh^e  it  may  exist,  indeed,  in  considerable  quantity.  It  serves  an 
hnpoftant  function  in  nutrition,  being  stored  by  the  animal  body  as  a 
reserve  material.  ^  , 
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SOURCES  OF  CAKE  SUOAB. 

Cftno  sugar,  sucrose,  or  simply  sugar,  as  it  is  known  to  commerce 
and  i;;  the  household,  exists  dissolved  iu  many  vegetable  juices.  It  is 
found  in  the  stems  and  roots  of  all  the  grasses,  especially  in  the  sugar 
cane  and  sorghum  j  in  fleshy  roots,  as  the  beet,  carrot,  turnip,  and  sweet 
potato;  in  the  sap  of  trees,  as  the  date  palm  and  sugar  maple;  in 
almost  all  sweet  fruits,  and  in  the  nectar  of  flowers;  but  in  only  a  few 
of  these  is  the  proportion  of  cane  sugar  large  enough  to  make  profit- 
able its  separation  from  the  other  substances  which  these  juices  hold 
in  solution. 

The  manufacture  of  sugar  as  at  present  known  is  an  art  that  has 
developed  from  crude  beginnings.  Sugar  is  a  staple  article  of  food, 
just  as  is  bread  or  meat,  but  few  people  realize  that,  unlike  meat  and 
bread,  it  has  been  a  staple  food  for  but  a  few  generations.  Only, 
indeed,  in  the  last  half  century  has  it  been  produced  in  such  quantities 
and  at  such  a  price  as  to  bring  it  within  the  reach  of  all  classes  of 
people. 

THB  SUGAR  CANE. 

The  sugar  cane  is  a  gigantic  jointed  grass  {Saccharum  officinarum)^ 
native  in  eastern  India  and  China,  numerous  varieties  of  which  are 
now  grown  in  the  tropical  and  subtropical  regions  of  both  hemispheres. 

Sugar  from  the  sugar  cane  was  probably  known  in  China  2,000 
years  before  it  was  used  in  Europe.  When  merchants  began  to  trade 
in  the  Indies  it  was  brought  westward  with  spices  and  perfumes  and 
other  rare  and  costly  merchandise,  and  it  was  used  for  a  long  time 
exclusively  in  the  preparation  of  medicines.  An  old  saying  to  express 
the  loss  of  something  very  essential  was  "Like  an  apothecary  without 
sugar."  Greek  physicians  several  centuries  before  the  Christian  era 
speak  of  sugar  under  the  name  of  "Indian  salt."  It  was  called  "honey 
made  from  reeds,"  and  said  to  be  "like  gum,  white  and  brittle."  But 
not  until  the  Middle  Ages  did  Europeans  have  any  clear  idea  of  its 
origin.  It  was  confounded  with  manna  or  was  thought  to  exude  from 
the  stem  of  a  plant,  where  it  dried  into  a  kind  of  gum.  When  in  the 
fourteenth  or  fifteenth  century  the  sugar  cane  from  India  was  culti- 
vated in  northern  Africa  the  use  of  sugar  greatly  increased,  and,  as 
its  culture  was  extended  to  the  newly-discovered  Canary  Islands  and 
later  to  the  West  Indies  and  Brazil,  it  became  a  common  article  of  food 
among  the  well-to-do.  In  1598  Hentzer,  a  German  traveler,  thus  de- 
scribes Queen  Elizabeth,  then  ^b  years  of  age:  "Her  nose  is  a  little 
hooked,  her  lips  narrow,  and  her  teeth  black,  a  defect  the  English 
seem  subject  to  from  their  great  use  of  sugar."  By  many  the  new  food 
was  still  regarded  with  suspicion.  It  was  said  to  be  very  heating,  to 
be  bad  for  the  lungs,  and  even  to  cause  apoplexy.  Honey  was  thought 
to  be  more  wholesome,  because  more  natural  than  the  "  products  of 
^ed  invention." 
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THB  S!f0AR  BEBT. 

Tlie  sngar  consumed  in  this  and  otlier  countries  up  to  1850  was  nearly 
an  derived  from  the  sugar  cane,  but  at  the  present  time  two-thirds  of 
the  sugar  crop  is  jQx)m  tlie  sugar  beet  Between  1863  and  1883  Ger- 
many, one  of  tlie  leading  beet  sugar  producing  countries,  increased 
its  output  338  per  cent.  It  would  once  have  seemed  incredible  that 
the  kitchen  garden  should  furnish  a  rival  for  the  <<  noble  plant"  that 
had  made  tbe  fortunes  of  Spanish  and  English  colonists,  but  the  culti- 
vation of  the  beet  has  in  one  generation  shifted  the  center  of  tlie  sugar 
industry  from  the  tropic  to  the  temperate  zone.  This  growth  has  been 
fostered  by  strange  vicissitudes  in  the  fortunes  of  nations,  as  the  com- 
mercial embargoes  and  sugar  bounties  of  the  Napoleonic  wars  and  by 
the  emancipation  of  slavery  in  the  British  colonies,  giving,  as  it  did,  a 
temporary  check  to  the  growth  of  the  cane;  but  the  real  creators  of 
the  new  industry  were  men  of  scientific  training  who  solved  certain 
botanical  and  chemical  problems.  The  manufacture  of  sugar  is  now  a 
chemical  industry  as  much  as  is  tanning  and  dyeing. 

Marggraf,  a  chemist  of  Berlin,  first  discovered  in  1747  that  beets, 
with  other  fleshy  roots,  contained  crystallizable  sugar  identical  with 
that  of  the  sugar  cane.  In  1796  MarggraPs  pupil,  Achard,  erected  the 
first  manufactory  for  beet  sugar,  and  in  1799  he  brought  the  subject 
before  the  French  Academy.  He  miuinfaetnred  beet  sugar  on  his  farm 
in  Silesia,  and  presented  loaves  of  refined  beet  sugar  to  Frederick 
William  III,  of  Prussia,  in  1797;  but  the  2  to  3  per  cent  of  sugar  that 
could  be  extracted  by  the  methods  then  in  use  was  too  small  for  com- 
mercial success.  A  new  stimulus  was  given  by  the  sugar  bounties  of 
Nax)oleon  in  1806,  and  methods  were  rapidly  improved,  especially  in 
France.  Two  great  difficulties  were  still  to  be  met;  the  percentage  of 
sugar  present  in  the  beet  was  small  (6  per  cent),  and  it  was  separated 
with  great  difficulty  from  the  many  nonsugar  constituents,  some  of 
them  acrid  and  of  very  unpleasant  taste.  Science  now  came  to  the 
rescue,  and  a  beet  was  gradually  developed  having  a  larger  percent- 
age of  sugar  and  a  smaller  percentage  of  the  undesirable  impurities. 
Barber  says  that  in  1836  18  tons  of  beet  root  was  necessary  to  produce 
1  ton  of  sugar;  in  1850  this  quantity  was  reduced  to  13.8;  in  18C0, 
to  12.7  tons,  and  in  1889,  to  9«25  tons.  From  6  per  cent  of  sugar  as 
found  by  Marggraf  the  sugar  beet  of  good  quality  now  contains  16  per 
cent  and  more,  12  per  cent  being  considered  necessary  for  profitable 
manufacture. 

TfiS  SUGAR  MAPI.B. 

The  sugar  maple  of  ITorth  America  is  Also  a  source  of  sucrose,  the 
trees  being  tapped  in  the  early  spring  to  obtain  the  sap  as  it  flows 
upward.  The  sap  was  formerly  simply  boiled  down  in  open  kettles  and 
used  as  molasses,  or  the  evaporation  was  continued  until  the  sugar 
crystallized  and  the  brown  maple  sugar  was  obtained.  Five  gallons  of 
sap  yielded  about  1  pound  of  sugar.    Improvements  in  the  process 
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Lave  been  devised.  The  sugar  is  now  made  more  easily  and  quickly 
by  the  use  of  evaporating  pans,  etc.  Maple  sugar  or  sirup  commands 
a  Ligher  price  than  white  sugar  from  the  beet  or  cane  and  is  now  used 
as  a  luxury  because  of  its  agreeable  flavor,  although  it  is  still  an  article 
of  regular  diet  in  Lower  Canada,  as  it  was  formerly  among  the  farmers 
of  New  England  and  other  regions.  According  to  figures  obtained 
from  the  United  States  Treasury  Department,  6,900,000  pounds  of 
maple  sugar  were  produced  in  this  country  in  ISOJt.  These  figures  are 
based  on  the  bounty  paid  to  the  sugar  makers.  A  claim  for  bounty 
could  not  be  made  on  less  than  500  pounds.  The  amount  of  maple 
sugar  produced,  including  that  on  which  no  bounty  was  paid,  was  over 
7,500,000  pounds.    Statistics  later  than  1894  were  not  available. 

In  this  connection  it  is  of  interest  to  quote  a  paragraph  from  a  book 
written  by  the  eminent  Robert  Boyle  and  printed  at  Oxford  in  1603: 

There  is  in  some  parts  of  New  England  a  kind  of  tree  *  *  *  whose  jnice  that 
weeps  out  of  its  incisions,  if  it  be  permitted  slowly  to  exhale  away  the  superfluous 
moisture,  doth  congeal  into  a  sweet  and  saccharine  substance,  and  the  like  was  con- 
firmed to  me  by  the  agent  of  the  great  and  populous  colony  of  Massachusetts. 

The  cane  and  the  sugar  beet  are,  however,  the  only  important  sources 
of  sugar  (sucrose).  Of  the  world's  crop  of  7,707,500  tons  in  1896, 
2,747,500  tons  were  from  cane  and  4,900,000  tons  from  the  beet. 

QUALITY  OP  SUGAR  FROM  DIFFERENT  SOURCES. 

The  methods  used  in  the  manufacture  of  sugar  are  all  to  the  end  of 
separating  the  sugar  from  the  other  constituents  of  the  juice.  In  a 
word,  the  juice  containing  the  sugar  is  expressed  or  extracted  from 
the  cane,  beet,  etc.,  treated  to  remove  the  nonsaccharin  substances 
which  prevent  crystallization,  evaporated  in  a  vacuum  apparatus,  the 
sugar  crystallized,  and  the  crystals  separated  from  the  molasses  in 
centrifugals.  The  sugar  thus  obtained,  known  as  raw  sugar,  contains 
impurities  from  which  it  is  separated  by  the  processes  of  refining.  The 
methods  of  manufacturing  sugar  have  bpen  described  in  a  previous 
bulletin  of  this  series.^ 

The  average  composition  of  raw  sugar  from  a  number  of  diflferent 

sources  is  as  follows: 

Average  composition  of  raw  sugar. 


Source  from  \7l1lch  obtained. 


Water. 


Cane 
sugar. 


other  or- 
ganic sub- 
stances. 


Ash. 


Sugarcane.. 
Sugar  heet- 
Borghum — 

Mnizo 

Palm 

Maple 


Per  cent. 
2.16 
2.90 
1.71 
2.60 
1.86 


Percent. 
93.33 
92.00 
93.05 
88.42 
87.97 
82.80 


Percent. 
4.24 
2.59 
4.55 
7.62 
9.65 


Percent, 
1.27 
2.56 

.68 
1.47 

.50 


nr,  S.  Dept.Agr.,  Farmers*  Bui.  52.  The  Division  of  Chemistry  of  this  Depart- 
ment has  issued  a  number  of  buUetins  concerning  the  manufacture  of  sugar  from 
sugar  cnuo,  sorghum,  and  sugar  hccts. 
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Ssw  cafD6  sugar  from  tlMse  yarioas  soctrees  takes  on  in  each  case  th% 
cikaraeter  of  tbe  impntritm  from  wMeli  it  has  not  jet  been  freed.  Thns, 
the  raw  prodoet  of  the  siifnr  eane  and  ragar  mai^le  is  pleasant  in  fiavor, 
ttat  of  the  beet  aerid  and  disagreeable;  the  raw  palm  sugar  or  jaggary 
i&cfi  low  sweeteniiig  power  because  of  the  large  amoant  of  invert  sngar 
(dextrose  and  levniose,  see  p»  7)  that  has  resulted  from  fermentation 
and  too  high  a  degree  of  heat  used  in  evi^KyratiDg  it,  while  raw  sorghnm 
•fid  maize  sngar  has  each  the  charaeteristic  taste  of  its  simp.  From 
mist  tbme  raw  sngars  the  pnre  cane  sngar  or  saccharose,  as  known  to  the 
chemist,  can  be  eryvtallized  oot,  fmd  in  erery  case  the  sngsv  is  identical 
in  chemical  composition,  appearance^  and  properties.  By  no  chemical 
test  can  pure  crystallized  saccharose  or  ^'cane  sugar '^  from  these  differ- 
ent sources  be  distinguished.  There  is  a  popular  impression  to  the 
contrary,  however,  and  it  is  often  asserted  that  beet  sugar  has  less 
sweetening  power,  or  that  fruits  preserved  with  it  do  not  keep  as  well, 
but  this  can  only  be  true  of  specimens  that  have  been  imperfectly 
purified. 

Methods  of  refining  raw  sugar  have  been  so  improved  in  the  last  few 
years  that  it  may  be  truly  said  that  few  food  substances  are  so  nearly 
pure  chemically  as  the  best  granulated  or  lump  sugar.    Blythe  says: 

Leaf  Bvgar  ia,  as  a  tu1%  ^aiiiieally  pare.  It  is  probably,  indeed,  the  porest  of  all 
substances  in  commerce,  and  a  large  quantity  may  be  burnt  up  t? ithout  obtaining  a 
trace  of  nitrogen  and  without  leaviug  any  residue.  The  only  sugars  that  may  bs 
impure  are  the  raw  sugars. 

Out  of  500  samples  of  sugar  examined  by  the  Division  of  Chemistry 
if  this  Department^  not  one  was  found  to  be  adulterated.  The  jnres^at 
low  prioQ  of  cause  sugar  protects  it  from  soch  attempts. 

FOOD  VALUE  OP  SUOAB. 

Our  chief  practical  interest  lies  in  the  use  made  of  sugar  in  the  ani- 
mal organism,  or  its  food  value.  Within  certain  limits  we  can  look 
upon  sugar  as  the  equivalent  of  starch  that  has  been  digested  and 
made  ready  fbr  absorption.  A  mealy  boiled  potato  or  a  lump  of  laun- 
dry starch  is  in  fact  very  near  akin  to  a  lump  of  sugar;  and  the  potato, 
Kke  all  forms  of  starchy  food,  mnst  be  turned  into  a  kind  of  sugar  by 
the  digestive  juices  before  it  can  be  absorbed  as  food  by  the  system. 

The  statement  is  commonly  made  that  the  food  eaten  by  the  average 
adult  is  at  least  one-half  of  vegetable  origin,  and  analyses  show  that 
the  nutrients  of  vegetable  foods  are  very  largely  starch.  The  average 
of  87  dietary  studies  made  in  the  United  States  rfiows  45  per  cent 
animal  food  and  55  per  cent  vegetable  food.  Starch  furnishes  a  con- 
siderable  part  of  the  heat  and  muscular  power  of  the  body.  There- 
fore starch  or  any  food  that  will  serve  the  same  purpose  is  of  great 
importance. 

To  understand  this  better  we  must  follow  the  course  of  starch  diges- 


^  U.  S.  Dept.  Agr.y  DiTisiim  of  Chenistry  BuL  IS,  pt.  6. 
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tioii.  When  starcliy  food,  as  a  morsel  of  boiled  potato,  is  taken  into  tlio 
month,  it  is  at  once  acted  on  by  a  ferment  contained  in  the  saliva,  and 
this  action  is  continued  by  a  ferment  contained  in  the  intestines.  It  is 
broken  up  into  simpler  chemical  compounds  and  it  finally  reaches  the 
blood  and  muscles  as  dextrose,  a  form  of  sugar  which  can  be  burned  to 
yield  heat  and  muscular  energy.  When  an  excess  of  carbohydrates 
(sugar  or  starch)  is  consumed,  the  dextrose  in  the  digestive  tract  is 
converted  in  the  liver  to  glycogen  and  stored  until  required,  being 
tlicn,  it  is  believed,  reconverted  into  dextrose.  More  complex  changes 
may  take  place  which  convert  carbohydrates  consumed  in  excess  into 
fat  which  is  also  stored  as  a  reserve  material. 

DIGESTION  OF  SUGAR 

If  a  solution  of  cane  sugar  be  injected  into  the  blood,  it  is  passed  out 
by  the  kidneys  unchanged,  showing  that  it  is  not  fitted  for  assimilation. 
The  change  needed,  however,  is  slight  compared  with  that  required  for 
the  digestion  of  starch;  it  is  "inverted"  or  changed  into  the  simpler 
sugars  as  already  described,  and  this  change  is  brought  about  in  tho 
digestive  tract  by  the  agency  of  enzyms  or  ferments  of  whose  nature 
we  know  little.  When  thus  changed  into  the  simpler  sugars  its  func- 
tion in  the  body  is  similar  to  that  of  starch  after  it  has  reached  tho 
analogous  stage  in  digestion. 

SUGAR  AS  A  FOOD  FOR  MUSCULAR  WORK. 

Food  must  supply  enough  protein  or  nitrogenous  material  for  the 
formation  and  repair  of  tissue  and  for  certain  other  uses  in  the  body 
and  in  addition  suflQcient  nitrogen-free  material  to  makeup  the  requu'ed 
amount  of  energy  necessary  for  heat  and  muscular  work.  Nitrogen- 
free  material  consists  of  fat  and  carbohydrates.  In  the  ordinary  diet 
the  relative  amount  of  fat  and  carbohydrates  is  usually  regulated  by 
personal  preference.  Fat  will  furnish  two  and  one-fourth  times  as  much 
energy  as  carbohydrates.  Taking  account  of  this  fact  it  is  immaterial 
on  theoretical  grounds  which  of  these  nutrients  supplies  the  necessary 
energy,  although  this  is,  however,  not  the  case  from  the  standpoint  of 
hygiene. 

The  main  function  of  sugar  as  found  in  the  blood,  whether  resulting 
from  the  digestion  of  sugar  or  of  starch,  is  believed  to  be  the  produc- 
tion of  heat  and  energy.  The  proof  has  been  amply  furnished  by 
experiment.  By  ingenious  devices  the  blood  going  to  and  from  a  muscle 
of  a  living  animal  may  be  analyzed  and  it  is  thus  shown  that  more 
blood  traverses  an  active  or  working  muscle  and  more  sugar  disappears 
from  it  than  is  the  case  with  a  muscle  at  rest. 

The  question  naturally  arises.  How  does  the  sugar  of  our  food  diflfer 
from  starch  as  a  source  of  muscle  power  t  The  fact  that  we  have  in 
this  manufactured  article  practically  the  same  substance  as  that  which 
fCSults  from  the  digestion  of  starch  as  found  in  vegetable  foods  at  once 
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ioggestfi  its  siibstitatioii  for  starch  to  the  advantage  of  the  system, 
since  it  does  not  burden  the  digestive  tract  and  less  force  is  required 
for  its  digestion.  To  decide  this  question  much  csjreful  laboratory  work 
has  been  carried  on  since  1893,  when  Mosso,  an  Italian  investigator^ 
first  ezamlDed  the  influence  of  cane  sugar  in  lessening  fatigue.  This 
he  did  by  the  use  of  the  ergograph,  an  instrument  devised  by  him  for 
testing  the  work  done  by  certain  muscles  of  the  hand.  He  found,  as  a 
result)  that  sugar  in  the  food,  in  not  too  great  quantities  and  not  too 
concentrated,  lessens  or  delays  fatigue  and  increases  working  power. 

Prof.  Yaughan  Harley  continued  these  experiments  in  Mosso^s  labo- 
ratory, using  much  larger  quantities  of  sugar,  with  the  result  that  the 
amount  of  muscle  work  was  greatly  increased  by  it.  He  compared  the 
work  he  could  do  in  twenty-four  hours  fasting  with  what  he  could  do 
when  taking  500  grams  (17^  ounces)  of  sugar  dissolved  in  pure  water, 
and  found  that  on  the  sugar  day  he  could  do  61  to  76  per  cent  more 
work,  or  almost  as  much  as  on  a  full  ordinary  diet.  When  9  ounces  of 
sugar  was  added  to  the  ordinary  diet  or  to  a  meager  diet,  the  gain  in 
muscle  power  was  also  considerable.  The  effect,  although  felt  one-half 
hour  after  eating,  was  at  its  height  in  two  hours.  Yery  Interesting  also 
was  the  effect  of  sugar  in  delaying  th^  natural  coming  on  of  fatigue 
which  has  been  found  to  occur  between  5  and  7  p.  m.  If  three  to  four 
ounces  of  sugar  were  taken  a  short  time  before  this  hour  the  ordinary 
fatigue  did  not  appear  and  work  went  on  as  usual. 

The  following  year  Dr.  Langemeyer,  working  under  the  direction  of 
Professor  Stockvis,  of  Amsterdam,  repeated  these  experiments  with 
great  care  on  several  different  persons,  the  work  extending  over  a 
period  of  eight  weeks.  The  ergograph,  which  recorded  the  amount  of 
work  done,  was  concealed  from  the  i>erson  using  it  in  order  that  he 
might  not  unconsciously  influence  the  result,  a  caution  not  observed  in 
Ifosso's  laboratory.  Dr.  Langemeyer  obtained  only  negative  results 
as  to  the  effect  of  sugar  on  muscle  work;  an  increase  of  muscle  power 
occurred  as  often  when  no  sugar  was  taken,  or  after  a  short  rest,  or 
after  taking  a  drink  of  water. 

At  about  the  same  time  the  Prussian  war  office  authorized  a  test  of 
Professor  Mosso's  results;  the  work  was  undertaken  by  Dr.  Schumberg 
in  Professor  Zuntz's  laboratory  in  Berlin,  and  the  result  was  published 
February,  1898.  The  ergograph  was  used  in  this  case  also  and  the 
subject  of  the  exx)eriment,  who  was  entirely  ignorant  of  its  nature,  was 
given  daily  in  addition  to  his  other  food  200  grams  of  a  sweet  fluid 
which  on  certain  days  was  a  solution  of  30  grams  of  sugar  and  on  other 
days  was  water  made  equally  sweet  with  duloin,  a  sweet-tasting  chemi- 
cal having  no  food  value.  By  this  precaution  it  was  hoped  to  elimi- 
nate the  influence  which  may  have  affected  the  results  of  Mosso  and 
his  pupils,  even  against  their  will.  The  results  seemed  at  first  to  cot- 
roborate  those  of  the  Amsterdam  laboratory  and  thus  to  deny  any 
immediate  effect  of  sugar  in  increasing  muscle  power.  When,  however, 
the  subject  of  the  experiment  performed  some  very  exhausting  work, 
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as  with  a  lathe,  before  beginning  on  the  ergograph,  the  difference  in 
the  effect  of  dulcin  and  sugar  became  very  apparent,  the  sugar  restor- 
ing to  some  extent  the  efi&cieuey  of  the  tired  muscle,  while  dulcin  did 
not.  The  explanation  given  was  that  a  little  more  or  less  sugar  in  the 
blood  was  of  no  consequence  in  ordinary  exertion,  but  it  was  otherwise 
when  the  sugar  stored  up  in  the  muscles  was  heavily  drawn  upon  by 
exhausting  labor.  At  such  a  time  the  rapidity  with  which  sugar  is 
digested  and  absorbed  proves  a  great  advantage. 

In  effect  Dr.  Schumberg  says:  "The  practical  conclusion  to  be  drawn 
is  that  sugar  in  small  doses  is  well  adapted  to  help  men  to  perform  ex- 
traordinary muscular  labor.^  He  advises  practical  tests  of  his  results 
on  a  large  scale  in  which  small  amounts  of  sugar  in  some  refreshing 
drink,  as  lemonade,  will  be  given  to  men  fifteen  or  twenty  minutes  before 
they  begin  a  piece  of  very  hard  work  or  at  the  first  signs  of  exhaustion. 
If  the  sugar  is  to  be  taken  in  solid  form  he  recommends  chocolate  as 
the  best  medium.  The  application  of  these  results  to  the  food  of  sol- 
diers who  may  be  called  upon  for  extraordinary  exertion  in  marching 
or  fighting  is  very  evident. 

Following  on  this  work  of  Schumberg's  came  a  practical  test  made 
with  soldiers  of  the  German  army  during  the  autumn  maneuvers,  tbe 
observation  extending  over  thirty-eight  days.  A  number  of  men  were 
given  10  lumps  (70  grams,  or  about  one-sixth  pound)  of  sugar  daily 
and  were  compared  in  various  ways  with  men  performing  the  same 
amount  of  work  in  marching  and  drilling,  but  whose  food  contained 
little  or  no  sugar.  The  results  were  in  every  way  to  the  advantage  of 
the  men  using  sugar.  The  sugar  was  relished  during  the  whole  time. 
On  long  marches  it  appeased  hunger  and  mitigated  thirst;  a  feeling  of 
refreshment  followed  which  helped  the  tired  man  on  his  way,  and  none 
of  the  soldiers  allowed  sugar  were  at  any  time  overcome  by  exhaustion. 
It  was  found  that  both  their  pulse  rate  and  breathing  were  less  affected 
by  exertion  than  was  the  case  with  the  men  consuming  no  sugar.  On 
the  basis  of  these  results  the  military  surgeon  making  the  investiga- 
tion recommended  that  the  sugar  ration  for  soldiers  be  raised  to  60 
grams  daily,  and  that  it  be  furnished  as  sugar  for  coffee  and  in  sweet- 
ened food,  preserves,  or  honey.  It  was  recommended,  further,  that 
sugar  be  supplied  to  prisons,  hospitals  and  ships,  its  fine  keeping 
qualities  and  condensed  form  making  it  especially  valuable  in  certain 
cases.  The  value  of  glucose  as  a  muscle  food  has  been  recently  shown 
by  methods  similar  to  Schumberg's. 

It  is  believed  that  more  satisfactory  results  may  be  obtained  by 
experiments  with  men  and  animals  in  which  the  effects  of  given  quan- 
tities of  sugar  in  the  diet  are  compared  with  those  obtained  with  starch 
and  other  food  materials.  Such  experiments  with  men  in  the  respira- 
tion calorimeter  are  now  being  made  under  the  auspices  of  this  Depart- 
ment. They  make  it  possible  to  measure  with  great  accuracy  the 
relation  between  the  material  consumed  and  the  muscular  work  done. 


Digitized  by  VjOOQ IC 


17 

According  to  our  present  koowledge,  the  valae  of  sugar  as  a  food 
for  muscular  work  may  be  briefly  summarized  as  follows: 

(1)  When  tlie  organism  is  adapted  to  the  digestion  of  starch,  and 
there  is  sufficient  time  for  its  utilization,  sugar  has  no  advantage  over 
Btarch  as  a  food  for  muscular  work  except  as  a  preventive  of  fatigue. 

(2)  In  small  quantities  and  in  not  too  concentrated  form  sugar  will 
take  the  place,  practically  speaking,  weight  for  weight,  of  starch  as  a 
food  for  muscular  work,  barring  the  difl'ereuce  in  energy  and  in  time 
required  to  digest  them,  sugar  having  here  the  advantage. 

(3)  It  furnishes  the  needed  carbohydrate  material  to  organisms  that 
have  as  yet  little  or  no  power  to  digest  starch.  Thus,  milk  sugar  is 
part  of  the  natural  food  of  the  infant. 

(4)  In  times  of  great  exertion  or  exhausting  labor,  the  rapidity  with 
which  it  is  assimilated  gives  it  certain  advantages  over  starch. 

This  latter  quality,  which  renders  it  more  rapidly  available  for  muscle 
force,  may,  perhaps,  account  for  the  fact  that  sugar  is  so  relished  by 
people  who  are  doing  muscular  work  and  by  those  of  very  active  habits, 
as  children. 

The  American  farmer  ranks  high  among  agriculturists  as  a  rapid  and 
enduring  worker,  and  his  consumption  of  sweets  is  known  to  be  very 
large.  The  same  is  true  of  lumbermen  and  others  who  work  hard  in 
the  open  air.    Col.  Henry  Browne,  quoted  by  Dr.  Harley,  says: 

The  Inmbermen  of  Canada,  than  whom  no  finer  or  more  muscular  men  exist,  eat  a 
great  deal  of  sugar  in  the  form  of  molasses.  TUey  fiU  their  milkloss  tea  with  it, 
make  cakes  with  it,  and  even  add  it  to  their  fried  fat  salt  pork,  which  is  the  only 
meat  they  get  during  the  whole  time  they  are  in  the  woods  cutting  lumber,  and  this 
is  practically  half  the  year,  their  diet  when  at  home  being  much  the  same. 

In  connection  with  the  nutrition  investigations  carried  on  by  this 
Department  the  dietary  of  the  negroes  in  Alabama  on  the  edge  of  the 
so-called  "black  belt"  was  studied.  The  staple  articles  of  diet  were 
found  to  be  salt  pork,  corn  meal,  and  molasses.  The  molasses  was 
made  from  sorghum  or  sugar  cane.  It  was  often  a  domestic  product. 
When  this  supply  was  not  sufficient  a  commercial  molasses  was  pur- 
chased. Molasses  was  eaten  mixed  with  the  fat  obtained  when  fat  salt 
pork  was  fried.  This  mixture,  with  corn  bread  and  fried  pork,  formed 
the  basis  of  the  regular  diet  for  each  meal  every  day  in  the  year,  some 
green  vegetables  being  occasionally  added.  Hot  water  sweetened  with 
molasses  was  the  beverage  used  with  the  meals.  It  should  be  added 
that  this  diet  was  not  considered  satisfactory  by  those  making  the 
investigation,  it  being  deficient  in  nitrogenous  material. 

The  value  of  sugar  in  cold  climates,  where  foods  containing  starch 
are  not  produced  or  can  not  be  kept,  is  evident.  In  the  outfit  of  polar 
expeditions  sugar  is  now  given  an  important  place,  and  it  may,  in  time, 
take  the  place  of  part  of  the  large  amount  of  fat  eaten  by  the  Eskimos 
and  other  inhabitants  of  the  polar  regions. 

It  is  in  warm  countries,  however,  that  sugar  plays  the  greatest  rdle, 
17403— Fo.  93 ^2 
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fi»  tbere  v«ry  Mttle  fiit  is  eaten.  In  LKlla  it  is  saM  tLat  workmen 
must  have,  daily,  large  amonDts  of  food  well  seasoned  with  stigar.  Tfee 
employer  must  furnish  it  or  lose  his  workmen.  In  a¥l  tropieal  lands 
the  consamption  of  dates^  figs,  and  other  sweet  frnits  is  very  large; 

Certain  rowing  clubs  in  Holland  rqport  very  l!)enefieial  results  from 
the  use  of  Itarge  amounts  of  sugar  in  training.  It  seemed  to  eonnter- 
act  the  bad  effects  of  a  meat  diet^  so  that  the  dreaded  symptoms  of 
overtraining  did  not  a^^ar.  The  rowers  who  used  sugar  always  won 
because  of  superior  endnraDce. 

One  oiee  as  given  in  detail  is  very  interesting.  Two  schoolboys,  17 
and  19  years  of  age,  with  only  two  hours  a  day  for  praettee,  at  the  end 
of  two  months  entered  for  the  rowing  races.  No  change  had  been  made 
in  their  diet  except  that  th^  ate  as  much  sugar  as  they  wished,  some- 
times as  much  as  one-third  of  a  pound  at  the  time  of  their  daily  exer- 
cise. One  of  them,  however,  did  not  make  this  addition  to  his  diet 
until  the  third  week,  wiien  he  began  to  show  all  the  signs  of  overtrain- 
ing— totss  of  weight,  and  a  heavy,  dull  feeling,  with  no  desire  for  study. 
On  the  third  day  after  beginning  the  uec  of  sugar  these  symptonw 
disappeared.  At  the  time  of  the  race  both  youths  were  in  fine  eondi- 
tioo  and  were  victorious  over  their  antagonists,  who  did  not  believe  in 
the  use  of  sugar.    STo  after  bad  effects  w^e  observed. 

Professor  PfiUger  says  t^at,  without  doubt,  the  sugar  in  the  blood  is 
heavDy  drawn  on  during  violent  exercise;  henoe  the  longing  for  it  in  a 
f<M:m  that  can  be  rapidly  assimilated. 

Mr.  Charles  E.  Oourtn^,  trainer  of  the  Cornell  University  boat  crew, 
recently  informed  the  writer  tliat  the  men  in  training  seemed  to  cravo 
sugar,  and  they  were  allowed  all  they  wanted  on  cereals,  in  tea,  coflce, 
etc.,  but  he  objected  to  it  in  pie  and  cake. 

Its  use  by  mountain  climbers  is  well  known.  The  Swiss  guide  con- 
ifers lump  sugar  and  highly  sweetened  chocolate  an  indispensable 
part  of  his  outfit. 

SnOAR  AS  A  FAT  FORBffBR. 

Sugar,  like  starch,  is  fattening;  that  is,  when  taken  in  excess  it 
may  bo  transformed  into  fat  and  stored  as  reserve  materiaL  On  thia 
account  physicians  advise  that  sugar  be  sparingly  used  by  the  corpus- 
lent. 

Both  molasses  and  sugar  have  been  successfully  used  in  fattening 
cattle  and  pigs,  the  fat  being  found  to  be  firm  and  of  good  qualitytt 
With  cattle,  500  grams  a  day  were  profitably  eaten. 

It  is  said  that  in  Santo  Domingo^  at  tin^s  when  the  importation  of 
grain  has  been  suspended  for  lack  of  ships,  raw  sugar  has  been  used 
to  fatten  horses  and  cattle  for  months  together. 

SnaAR  AS  A  TLAY^m. 

As  mixed  with  other  foods,  sugar  is  one  of  our  best  flavors — a  flavor 
which  the  cook  could  not  readily  spare,  as  it  now  enters  into  a  great 
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variety  of  dishes.  Its  agreeable  flavor  has  always  constituted  one  of 
the  chief  reasons  for  its  ase,  and  will  continue  to  do  so,  since  we  have 
Buch  an  abundance  of  relatively  cheap  starchy  materials  which  may 
readily  take  the  place  of  sugar  as  food. 

In  some  dietary  studies  made  under  the  auspices  of  this  Department 
with  a  club  of  students  at  the  Maine  State  College,  the  effect  was 
studied  of  supplying  a  liberal  amount  of  maple  sirup  in  connection 
with  a  diet  which  was  known  to  furnish  an  abundance  of  nutrients. 
The  sirup  was  evidently  relished,  and  considerable  amounts  were  eaten. 
However,  there  was  not  a  corresponding  decrease  in  other  foods;  on 
the  other  hand,  the  amount  of  flour  was  in  excess  of  the  amount  ordi- 
narily consume<l.  It  would  seem  that  the  maple  sirup  and  flour,  in  the 
form  of  griddle  cakes,  were  consumed  simply  on  account  of  their 
agreeable  flavor.  Provided  the  diet  contained  sufficient  nutrients  in 
the  first  place,  this  increase  was  not  desirable  on  the  ground  of  econ- 
omy, and  it  may  be  questioned  whether  it  was  desirable  from  the  stand- 
point of  health.  When  a  similar  comparison  was  made  of  the  addition 
of  milk  in  liberal  amounts  to  the  diet  it  was  found  there  was  a  corre- 
sponding decrease  in  the  amount  of  other  foods  consumed. 

This  investigation  would  indicate,  as  stated  above,  that  sugar  is 
consumed  for  its  agreeable  flavor  and  not  because  it  is  recognized  as 
a  food. 

FOOD  VALXTE  OF  MOLASSES. 

Besides  some  cane  sugar,  molasses  contains  about  30  per  cent 
invert  sugar,  about  30  per  cent  water,  and  certain  acids  and  other 
bodies  of  which  we  know  little.  It  also  contains  impurities  accident- 
ally present.  Molasses  was  formerly  the  drainage  or  refuse  from  the 
manufacture  of  cane  sugar,  but  with  modern  methods  of  sugar  making 
this  source  of  supply  has  become  entirely  inadequate.  Small  planters  in 
Louisiana  and  elsewhere  who  have  a  limited  tract  of  cane  under  culti- 
vation still  follow  the  old  method  of  sugar  making  without  the  help 
of  vacuum  pan  and  centrifugal.  The  molasses  drains  from  the  brown 
sugar  and  is  called  "open-kettle''  molasses.  It  commands  the  highest 
price  on  account  of  its  fine  flavor,  but  this  variety  is  almost  all  con- 
sumed in  the  locality  where  it  is  made.  Much  that  is  now  sold  as  New 
Orleans  molasses  is  glucose  or  starch  sugar  colored  and  flavored  with 
some  molasses  from  the  sugar  factories.  Glucose  is  used  to  give 
molasses  a  body  and  a  lightness  of  color  that  is  in  demand,  and  this 
mixture  is  now  preferred  quite  generally  to  the  old-fashioned  dark 
molasses.  In  consequence  of  the  preference  for  a  light-colored  product, 
molasses  not  mixed  with  glucose  is  bleached  to  improve  its  color.  The 
bleaching  agents  are  generally  of  a  deleterious  character  and  must  be 
very  carefully  removed  when  they  have  done  their  work.  It  is  the 
possible  presence  of  these  agents,  rather  than  that  of  glucose,  that 
suggests  caution  in  the  use  of  molasses  in  quantity.  Glucose,  as  we 
have  already  said,  if  carefully  made  is  not  considered  injurious. 
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Ko  molasses  for  table  use  is  mnde  from  tbe  Sfx^r  beet,  9i«  it  Is  impos- 
fiiblo  to  free  the  uncrystalliza^le  part  from  the  objectionable  imparitiea. 
Maple  sirnp  or  molasses  is  the  sap  of  the  sa^r  maple  which  ha«  beea 
boiled  down,  but  not  suflBciently  to  cause  tiie  sHgar  to  crystallize.  The 
high  price  of  maple  molasses  or  sirap  has  led  to  extensive  adulterations 
of  the  product  with  cane  sugar  and  glacose,  the  flavor  being  often  ior- 
nished  by  an  extract  of  hickory  bark. 

In  the  United  States  a  consideraMe  quantity  of  molasses  is  made 
from  sorghum.  It  is  consumed  for  the  most  part  in  or  near  the  locality 
where  it  is  made. 

NXTTRinVE  VAI.X7B  OF  SUGAR  CANR 

The  entire  juice  of  the  ripened  cane  is  of  coarse  more  nearly  a  coia- 
plete  food  than  is  crystallized  sugar,  for  it  oontaius  other  constitueiits 
besides  carbohydrates.  It  is  elud^^j^^ed  by  the  pkuit  as  a  rich  jilsait 
food  used  to  build  up  young  leaves  and  buds,  in  sugar-producing 
countries  the  cane  is  said  to  be  a  staple  food  during  its  season.  All 
classes  of  people  chew  the  ripe  es^ne  freed  from  its  hard  rind,  incredible 
quantiljes  bdng  consumed  in  tiiis  way.  Shiploads  are  brought  daily 
to  the  markets  of  Itio  Janeiro,  Kew  Orleans,  and  the  West  India  towns. 
For  mouths  the  chief  food  of  the  negro  laborers  on  the  plantations  is 
said  to  be  the  sugar  cane,  and  they  are  seen  to  grow  strong  and  fat  as 
the  season  advances.  They  go  through  the  hard  labor  of  harvesting 
the  crop  and  come  out  in  fine  condition,  although  they  began  it  weak 
and  half  starved. 

Wray  says:  "The  nutritious  and  fattening  qualities  of  the  sugar 
cane  are  abundantly  shown  on  every  sugar  estate  in  the  world.'' 
Another  writer  says :  "From  their  free  use  of  the  cane  juice  the  negroes 
of  the  West  Indies  and  every  animal  about  the  plantation  at  the  time 
of  harvest  show  every  indication  of  the  wholesome  and  nutritious 
properties  of  the  juice." 

A  curious  book,  entitled  A  Treatise  on  Sugar,  written  by  Dr.  B, 
Mosely,  and  published  in  1799,  has  the  following: 

In  tbe  West  Indies  the  n^gro  children  from  crade  vegetable  diet  are  mmoh  afflicted 
T7ith  worms.  In  crop  time,  when  the  canes  are  ripe^  these  children  are  always  suck- 
ing them.  Give  a  negro  infant  a  piece  of  sugar  cane  to  suck  and  the  imporerlshcd 
milk  of  his  mother  is  tasteless  to  him.  This  salubrious  luxury  soon  changes  faia 
appearance;  *  *  «  his  emaciated  limbs  increase, and  if  the  eases  were  always 
ripe  he  would  never  be  diseased.  I  have  ofbeaa.  seem  old,  scabby,  wasted  negroes 
crawl  from  the  hot  houses,  apparently  half  dead,  in  crop  time  and  by  tucking  canes 
all  day  long  they  would  soon  become  strong,  fat,  and  sleek. 

La  Gazette  de  Sant^^  1785,  narrates  t^at  a  vessel  from  the  West 
Indies  laden  with  sugar  encountered  a  calm,  which  so  delayed  her  that 
provisions  were  exhausted.  The  erew  then  had  recourse  to  the  cargo; 
some  sailors  had  already  died  of  seurvy  and  many  were  threatened 
with  death,  but  this  dis^fie  abated  when  its  vietimfi  were  of  necessity 
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reduced  to  a  sugar  diet.  The  sugar  in  tbis  case  was  undoubtedly  raw 
or  crude  sugar,  and  it  may  well  bave  bad  tbis  effect  by  virtue  of  tbe 
potassium  salts  contained  in  it. 

PRACTICAL  USE  OF  SUGAE  IH  DIETAEIES  OF  ADULTS. 

Sngar  was  formerly  regarded  as  a  condiment  and  valued  cbiefly  for 
its  pleasant  taste.  Had  it  in  reality  no  otber  use  it  migbt  in  time  be 
replaced  by  otber  sweet-tasting  substances,  as  saccbarin  and  dulcin, 
wbicb  are  not  foods,  but  tbe  food  valuei  of  sugar  bas  been  fully  estab- 
lisbed,  and,  considering  tbe  immense  quantities  at  present  consumed,  it 
is  very  important  to  determine  tbe  extent  of  its  usefulness  in  dietaries. 

It  bas  been  ascertained  tbat  in  large  numbers  of  well-to-do  families 
in  our  country  about  2  pounds  per  week  per  person  is  consumed.  It 
would  seem  tbat  tbis  amount,  or  about  one-fourtb  of  a  pound  daily, 
taken  as  it  is  in  connection  with  otber  foods,  is  well  utilized  by  tbe 
system.  Eegarding  larger  quantities  tbere  is  some  question.  The  use 
of  sugar  would  seem  to  be  limited  in  two  ways:  (1)  By  the  fact  tbat 
sugar  may  be  absorbed  more  rapidly  tban  it  can  be  assimilated  and 
tbus  overload  tbe  system,  bringing  on  indigestion  or  overloading  tbe 
excretory  organs;  (2)  by  tbe  ill  effects  on  tbe  system  of  concentrated 
solutions  of  sugar. 

AMOUNT  AND  CONCENTRATION. 

Eegarding  tbe  amount  tbat  can  be  properly  used  in  tbe  system,  sugar 
differs  greatly  from  starcb.  Starchy  food,  as  bread,  potatoes,  etc.,  can 
be  digested  and  utilized  in  immense  quantities.  Bubner  reports  tbat 
food  containing  over  600  grams  (1^  pounds)  of  starcb  a  day  is  digested 
without  difBculty  and  over  considerable  periods  of  time.  This  amount 
of  starcb  would  be  represented  by  2J  or  3  pounds  of  bread  or  6  or  7 
pounds  of  potatoes. 

Fewer  tests  bave  been  made  regarding  tbe  maximum  amount  of  sugar 
that  may  be  used  by  the  system.  Vaughan  Harley  used  large  quanti- 
ties of  sugar  in  his  experiments  already  quoted,  but  400  grams  (nearly 
a  pound)  daily  for  some  time  very  much  affected  bis  digestion.  ' 

Since,  as  scientific  investigators  seem  agreed,  the  digestion  of  sugar 
is  much  more  rapid  than  that  of  starch,  assimilation  and  storage  in  the 
liver  can  not  keep  pace  with  its  absorption  in  the  intestines  if  it  is 
taken  in  large  quantities.  In  this  case  part  of  the  sugar  will  be 
excreted  unchanged.  Not  only  is  tbis  excess  of  sugar  wasted,  but 
such  an  unnatural  tax  on  the  excretory  organs  would  soon  end  in 
disease.  It  is  also  a  matter  of  common  observation  that  large  amounts 
of  sugar  and  sweetened  food  are  apt  to  ferment  in  the  stomach  and 
intestines.  This  prompt  refusal  of  the  system  to  utilize  large  amounts 
of  sugar  at  a  time  is  a  sign  that  must  bo  heeded.  It  shows  that  the 
eating  of  sugar  can  easily  be  carried  too  far. 
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It  bas  been  pointed  out  by  investigators  tbat  in  tbis  regard  sngar 
bears  mncb  tbe  same  relation  to  starcb  tbat  peptone,  one  of  tbe  prod- 
ucts of  meat  digestion,  does  to  meat.  Both  sugar  and  peptone  are 
very  diffusible,  and  tbus  enter  rapidly  into  tbe  circulation,  strong  solu- 
tions at  tbe  same  time  irritating  tbe  mucous  membrane  witb  wbicb  they 
come  into  contact  by  virtue  of  tbeir  water-abstracting  power.  In 
cases  of  weak  digestion  peptone  and  albumoses,  or  meat  artificially 
digested,  is  given,  tbat  tbe  system  may  be  nourisbcd  witb  as  little  tax 
as  possible  on  tbe  digestive  organs.  But  in  tbe  case  of  a  man  in  bealtb, 
if  the  peptone  is  substituted  entirely  for  tbe  natural  food  it  brings  on 
irritation  of  the  intestiual  canal,  with  diarrhea  and  other  symptoms  of 
indigestion. 

Brandl,  a  German  scientist,  made  experiments  on  the  effect  of  sugar 
solutions  of  different  strengths  on  the  stomach  of  a  dog.  A  solution 
of  5.7  per  cent  reddened  the  mucous  membrane;  a  10  ][>er  ceut  solution 
made  it  dark  red,  indicating  great  irritation;  a  20  per  cent  solution 
caused  the  dog  such  distress  that  the  experiment  was  carried  no  fur- 
ther. It  is  quite  possible  that  this  effect  is  produced  on  tbe  human 
stomach  when  large  quantities  of  sugar  in  concentrated  form,  as  candy, 
are  eaten. 

*  Ohaveau,  a  French  investigator,  in  his  experiments  with  dogs,  found 
that  when  used  in  considerable  amounts  sugar  was  so  laxative  in  its 
effects  as  to  interfere  greatly  with  his  work;  yet  he  found,  as  have 
others,  that  sugar  was  a  source  of  energy,  and  his  conclusion  was  tbat 
it  has  a  higher  value  as  compared  with  fat  than  is  ordinarily  assigned 
to  it.  It  must  be  remembered  that  sugar  is  a  powerful  antiseptic  or 
germicide.  In  a  strong  sirup  of  sugar  fruits,  vegetables,  and  even 
meats  may  be  preserved.  This  property  of  sugar  was  well  understood 
when  it  was  used  only  as  a  medicine,  for  it  was  even  sprinkled  on 
wounds  to  keep  them  from  mortifying.  An  agent  of  this  kind  in  con- 
centrated solution  must  not  only  hinder  putrefactive  processes,  but  also 
retard  tbe  process  of  digestion.  Tbus,  Ogata  found  in  experiments 
with  dogs  that  the  addition  of  10  grams  of  cane  or  grape  sugar  to  100 
grams  of  meat  fibrin  caused  18  to  27  per  cent  of  it  to  remain  undi- 
gested as  compared  with  normal  digestion.  With  our  present  under- 
standing of  the  amount  of  absorption  going  on  in  the  stomach,  wo  can 
not  state  positively  that  such  a  delay  is  in  itself  disadvantageous. 

It  will  be  noticed  that  sugar  as  it  exists  in  nature— e.  g.,  in  the  sugar 
cane,  in  milk,  and  in  most  fruits — is  not  highly  concentrated.  In  milk 
it  makes  up  from  4  to  G  per  cent.  It  would  seem  that  the  animal 
organism  is  best  adapted  to  the  utilization  of  food  principles  in  the 
somewhat  dilute  or  bulky  form  in  which  they  occur  in  the  commonly 
accepted  foods— protein  as  found  in  meat,  milk^  etc.,  starch  in  grains, 
and  sugar  in  small  quantities  as  found  in  vegetable  juices  and  milk, 
and  in  reasonable  amounts  in  combination  with  other  foods — and  that 
it  does  not  readily  accept  unhmited  amounts  of  chemically  isolated  and 
^urified  food  principles,  ^  I 
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BAD  EFFECTS  ASCRIBED  TO  SUGAR. 

Most  of  the  bad  effects  ascribed  to  sugar  are  due  to  its  use  in  larger 
quantities  than  the  3  or  4  ounces  a  day  which  seem  to  be  digested  by 
the  healthy  adult  without  difificulty,  if  it  is  not  presented  in  indigesti- 
ble forms.  There  is  no  proof  that  sugar  is  harmful  to  the  teeth, 
although  doubtless  sweet  food,  allowed  to  cling  to  the  teeth  after  ejit- 
ing,  raj)i(lly  ferments  and  acids  will  be  formed  that,  according  to  Pro- 
fessor Miller,  of  Berlin,  may  attack  the  teeth.  This  is  equally  true  of 
starchy  foods.  It  is  said,  however,  that  the  negroes  of  the  West 
Indies,  who  consume  enormous  quantities  of  sugar,  have  the  finest 
teeth  in  the  world. 

It  is  also  unproved  that  sugar  produces  gout. 

Sugar  seems  ill  adapted  to  the  sick,  except  when  used  in  very  small 
quantities  as  a  flavor.  Jacobi  remarks  that  in  sickness  the  stomach  is 
inactive,  has  less  absorptive  power,  and  that  sugar  on  that  account  is 
less  well  borne.  The  action  of  sugar  in  stimulating  a  flow  of  the 
digestive  juices  may  in  such  a  case  be  only  irritating  in  its  efl'ect. 

BFFBCT  OF  EXERCISE  ON  THE  AMOUNT  OF  SUGAR  WHICH  MAT 

BE  EATEN. 

The  amount  of  sugar  that  may  be  eaten  without  bad  effects  depends 
much  on  whether  a  person  leads  an  active  or  a  sedentary  life.  It  has 
been  observed  that  a  man  doing  hard  work  in  the  open  air  can  easily 
assimilate  large  amounts  of  sugar,  while  the  same  quantity  would 
bring  on  indigestion  if  taken  when  he  is  living  indoors,  with  little 
exercise. 

SUGAR  IN  COOKED  FOODS. 

What  has  been  said  of  the  food  value  of  sugar  applies  to  it  as  a  solu- 
tion in  water  and  in  various  drinks,  as  tea,  coffee,  etc.  The  food  value 
of  sugar  as  taken  in  cake,  pastry,  custards,  and  other  cooked  foods  is 
probably  somewhat  modified^  but  few  tests  have  been  made  in  the 
digestibility  of  such  foods. 

CONFECTIONERT. 

Candy  of  the  better  grade  is  very  largely  made  up  of  sugar,  with  the 
addition  of  various  coloring  matters  and  flavors,  nuts,  fruit,  etc.,  and 
sometimes  fat,  starch,  and  glucose.  The  food  value  of  candy  may  be 
expressed  by  the  amount  of  the  sugar  contained  (72  to  98  per  cent),  but 
the  wholesomeness  of  the  other  ingredients  must  be  taken  into  account. 
The  coloring  matters  used  in  cheap  candies  are  nearly  all  compounds 
of  anilin  or  other  coal  tar  products,  some  of  which  are  thought  to  be 
harmless,  while  regarding  others  there  is  more  doubt.  Two  hundred 
and  fifty  samples  of  cheap  candy  examined  by  the  Division  of  Chemistry 
of  this  Department  a  few  years  ago  were  found  to  be  made  up  largely 
of  glucose  with  a  little  sugar  and  starch.    Pure  glucose  is  no  longer 
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considered  an  injurious  adalterant.  Some  of  the  eok>riiig  matters  and 
flavors  used,  however,  Lave  been  shown  to  be  harmfuL  Ordinary  cau- 
tion would  suggest  that  children,  at  least,  be  allowed  to  partake  very 
sparingly  of  such  unknown  compounds.  It  is  to  be  remembered  aTsa 
that  glucose,  being  more  rapidly  al^soibed  than  is  cane  sugar,  may 
overload  the  system  more  easily.  It  also  undergoes  fermentation  more 
readily, 

8UGAB  HI  THE  DIETABIES  Of  GHIU^BEH. 

The  amount  of  sugar  to  be  given  to  children,  and  in  what  form,  is  a 
question  of  much  importance.  Sugar  would  seem  to  be  a  food  espe- 
cially adapted  to  children  because  of  their  great  activity.  The  small 
organism  loses  more  heat  from  the  skin  for  every  pound  of  body  weight 
than  does  the  larger  animal,  and  children  on  this  account,  and  because 
of  their  active  life,  requii^e  proportionately  more  heat  units  in  their  food 
than  do  adults. 

Fat,  esi)ecially  fat  meat,  which  could  readily  supply  this  need,  is  often 
disliked  by  the  child,  and  his  relish  for  all  kinds  of  sweets  has  doubt- 
less a  phyiE^logical  basis.  It  is,  however,  to  be  remembered  that  before 
its  introduction  countless  generations  of  children  had  been  reared  with- 
out the  help  of  cane  sugar  as  we  now  know  it.  The  digestibility  of 
sugar  and  sweetened  foods  for  children,  and  the  influence  on  the  appe- 
tite for  other  foods,  must  decide  to  what  extent  sugar  is  to  replace 
starch  in  the  dietary  and  how  far  it  may  be  safely  used  as  a  flavor. 

XJntil  a  child's  stomach  is  capable  of  digesting  starch  the  needed  car- 
bohydrate is  furnished  in  the  sugar  of  milk,  the  child  a  year  old  who 
drinks  two  qujirts  of  milk  a  day  taking  in  this  way  about  three  ounces 
of  sugar.  As  the  stomach  becomes  able  to  digest  starch  the  child  is 
less  and  less  dependent  on  the  sugar  of  milk,  replacing  it  with  the  car- 
bohydrates of  vegetable  origin,  while  the  proteids  and  fat  found  in  eggs, 
meat,  and  cereals  take  the  place  of  those  constituents  that  were  at  first 
exclusively  furnished  in  milk.  Milk,  however,  remains  through  child- 
hood a  valuable  source  of  all  these  food  principles. 

The  fact  that  sugar  has  a  high  food  value  is  not  the  only  point  to  be 
considered.  The  child  will  easily  obtain  the  needed  carbohydrates  in 
other  forms  and  will  thrive  if  the  digestion  remains  sound  and  its  relish 
for  wholesome  food  unimpaired.  For  instance,  one  often  hears  it  said 
that  a  certain  child  does  not  relish  milk.  In  such  cases  it  might  be 
found  that  the  child's  appetite,  b^ng  sated  by  sugar  in  other  foods,  is 
no  longer  attracted  by  the  mild  sweetness  of  fresh  milk,  delicious  as  it 
is  to  the  unspoiled  palate.  It  would  be  well,  perhaps,  in  this  instance, 
to  cut  down  the  allowance  of  sugar  in  the  hope  of  restoring  the  taste 
for  so  invaluable  a  food  as  milk.  Dr.  Eoteh  insists  that  the  infant, 
even  in  its  second  year,  should  never  be  allowed  to  taste  sweets.  He 
says,  "When  these  articles  are  withheld  it  will  continue  to  have  a 
healthy  appetite  and  taste  for  necessary  and  proper  articles  of  food," 
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Even  mticb  later,  for  tlie  same  reasons,  the  intro<lnctfon  of  large 
ftmoants  of  saggar  into  the  daily  food  of  chiklren  is  to  be  carefully  con- 
sidered. Children  do  not  require  a  variety  of  flavors  to  stimulate  the 
appetite,  bat  the  taste  is  easily  perverted  and  the  backward  step  is 
difficult  to  take.  Those  who  have  studied  the  food  habits  of  children 
seem  to  agree  that  sagar  should  from  the  very  first  be  withheld  from 
the  dish  that  forms  the  staple  food  of  the  child— that  is,  the  mush  or 
porridge  of  oatmeal  or  some  preparation  of  wheat  or  corn.  This  article 
of  diet,  eaten  only  with  milk  or  cream,  falls  into  the  same  class  as 
bread  and  milk,  and  forms  the  simple,  wholesome  basis  of  a  meal.  The 
sugar  given  the  child  is  better  famished  in  the  occasional  simple  pud- 
ding, in  the  lamp  of  sugar,  or  homemade  candy,  not  that  its  food  value 
is  better  utilized,  but  the  whole  food  of  the  child  is  thus  more  whole- 
some. 

In  sweet  fruits  fully  ripened  the  child  finds  sugar  in  a  healthful  form 
and  they  should  be  freely  furnished. 

GENERAL  CONCLUSIONS. 

One  may  say  in  general  that  the  wholesomeuess  of  sweetened  foods 
and  their  utilization  by  the  system  is  largely  a  question  of  quantity 
and  concentration.  For  instance,  a  simple  pudding  flavored  with  sugar 
rather  than  heavily  sweetened  is  considered  easy  of  digestion,  but  when 
more  sugar  is  used,  with  the  addition  of  eggs  and  fat,  wo  have,  as  the 
result,  highly  concentrated  forms  of  food  which  can  be  utilized  by  the 
system  only  in  moderjite  quantities  and  which  are  always  forbidden  to 
children  and  invalids. 

It  is  true  that  the  harvester,  lumberman,  and  others  who  do  hard 
work  in  the  open  air  consume  great  amounts  of  food  containing  con- 
siderable quantities  of  sugar,  such  as  pie  and  doughnuts,  and  apparently 
with  impunity;  but  it  is  equally  true  that  people  living  an  indoor  life 
find  that  undue  amounts  of  pie,  cake,  and  pudding,  with  highly  sweet- 
ened preserved  fruit,  and  sugar  in  large  amounts  on  cooked  cereals, 
bring  indigestion  sooner  or  later. 

From  a  gastronomic  point  of  view  it  would  seem  also  that  in  the 
American  cuisine  sugar  is  used  with  too  many  kinds  of  food,  with  a 
consequent  loss  in  variety  and  piquancy  of  flavor  in  the  different  dishes. 
The  nutty  flavor  of  grains  and  the  natural  taste  of  mild  fruits  is  con- 
cealed by  the  addition  of  large  quantities  of  sugar. 

In  the  diet  of  the  under  nourished  larger  amounts  of  sugar  would 
doubtless  help  to  full  nutrition.  This  point  is  often  urged  by  European 
hygienists.  In  the  food  of  the  well  to  do  it  is  often  the  case,  how- 
ever, that  starch  is  not  diminished  in  proportion  as  sugar  is  added. 
That  sugar  on  account  of  its  agreeable  flavor  is  a  temptation  to  take 
more  carbohydrate  food  than  the  system  needs  can  not  be  denied.  The 
vigor  of  digestion  in  each  particular  case  would  seem  to  suggest  the 
limit.    A  lump  of  sugar  represents  about  as  much  nutriment  as  an 
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I 
onnce  of  potato,  but  while  the  potato  will  be  eaten  only  becanse  hnnger 

prompts,  the  sugar,  because  of  its  taste,  may  be  taken  when  the  api)e- 

titehas  been  fully  satisfied. 

Sugar  is  a  useful  and  valuable  food.  It  must,  however,  be  remembered 
that  it  is  a  concentrated  food  and  therefore  should  be  eaten  in  moder- 
ate quantities.  Further,  like  other  concentrated  foods,  sugar  seems 
best  fitted  for  assimilation  by  the  body  when  supplied  with  other  mate- 
rials which  dilute  it  or  give  it  the  necessary  bulk. 

Persons  of  active  habit  and  good  digestion  will  add  sugar  to  their 
food  almost  at  pleasure  without  inconvenience,  while  those  of  sedentary 
life,  ot  delicate  digestion,  or  of  a  tendency  to  corpulency  would  do 
better  to  use  sugar  very  moderately.  It  is  generally  assumed  that  4 
or  5  ounces  of  sugar  per  day  is  as  much  as  it  is  well  for  1;he  average 
adult  to  eat  under  ordinary  conditions. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  AqrictjlturBi 

Division  of  Publications, 
WathingUm,  D.  C,  March  tS,  1899. 
Sir:  I  have  the  honor  to  transmit  herewith  for  publication  as  a  Faimers'  Bulletin 
an  article  entitled  The  Vegetable  Garden,  prepared  by  Mr.  C.  H.  Greathouse,  of 
this  Division.  There  has  lon^  been  a  demand  for  information  on  gardening,  which 
the  present  bulletin  aims  to  give  in  a  few  concise  suggestions  in  regard  to  cultiva- 
tion and  care  of  the  most  common  vegetables,  whether  in  the  farm  garden  or  in  the 
less  pretentious  garden  plot  of  the  city  or  suburban  resident. 

in  the  preparation  of  the  bulletin  this  Division  has  been  greatly  aided  by  Mr. 
William  Saunders,  Superintendent  of  Gardens  and  Grounds,  who  kiudly  afforded  the 
author  the  benefit  of  his  wide  e^iperience.  When  completed,  the  bulletin  was  sub- 
mitted to  him  and  has  received  bis  approval.  Much  help  has  also  been  gained  from 
Prof.  L.  H.  Bailey's  book,  Garden-making. 
Very  respectfully, 

Geo.  Wm.  Hill,  Chief, 
Hon.  James  Wilson,  Secretary, 
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THE  VEGETABLE  GARDEN. 


IMPOBTAVOE  TO  THE  FAEMBB. 

The  &rm  garden  probably  pays  better  than  any  other  land  on  the 
place.  No  figures  have  ever  been  collected  to  show  of  what  value  its 
products  are,  but  iu  the  census  of  1890  full  statistics  for  market  gar- 
dens were  obtained  and  from  these  the  conclusion  just  stated  may  be 
argued.  The  average  value  of  garden  stuff  to  the  acre  was  found  to  be 
tl47.17,  while  for  wheat  the  average  was  only  tll.65.  Later  reports 
show  that  the  average  for  wheat,  com,  oats,  and  hay  is  $7.75  per  acre. 
It  seems  clear,  therefore,  that  market  gardening  is  more  profitable  than 
farming.  But  the  home  garden  must  pay  even  better  than  the  market 
garden,  for  it  is  not  subject  to  the  heavy  losses  incident  to  marketing 
perishable  crops.  Its  products  are  used  directly  on  the  home  table 
and  there  need  be  very  little  waste.  It  follows  that  the  garden  pays 
better  than  the  field.  A  good  garden  will  supply  half  the  family's  liv- 
ing, and  when  field  crops  show  a  balance  on  the  wrong  side  it  becomes 
a  very  important  means  of  support. 

In  addition  to  this  the  garden  may  be  a  bountiful  source  of  quiet 
pleasure.  A  keener  appreciation  of  such  natural  joys  of  the  farm  home 
and  skill  to  develop  them  would  do  much  to  repress  the  craving  for 
excitement  which  draws  young  men  fi:om  country  life. 

LOCATION. 

The  garden  is  frequently  under  the  care  of  the  farmer's  wife.  It 
should  be  in  such  case  as  near  as  practicable  to  the  kitchen,  so  as  to  bo 
in  easy  reach  forgathering  the  vegetables  and  for  fifteen-minute  oppor- 
tunities for  gardening.  Also  all  heavy  crops,  as  potatoes,  melons, 
squash,  and  cabbage,  must  then  be  put  in  the  field,  where  they  can  be 
cultivated  with  horse  and  plow. 

Further,  the  site  should  be  chosen  with  reference  to  sun  and  wind. 
A  surface  that  slopes  gently  to  the  south  is  to  be  preferred,  and  if  the 
incline  looks  a  little  to  the  east  it  is  the  better  for  it.  A  woodland  or 
high  hill  as  protection  from  the  north  winds  and  heavy  storms  is  a  great 
advantage,  and  equal  or  better  will  be  a  wall  or  hedge  judiciously 
placed  as  a  wind-break.  It  should  usually  be  on  the  north  or  north- 
west in  this  country.  A  wire  netting  or  high  paling  fence  will  be 
needed  to  keep  oat  the  chickens,  if  any  are  on  the  place. 
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Finally,  soil  and  natural  drainage  mnst  be  considered  in  selecting 
the  location.  A  light  sandy  loam  is  usually  preferred,  but  fine  vege 
tables  are  grown  with  ordinary  care  on  heavy  dark  soils,  on  sticky  red 
clays,  and  on  sands  apparently  no  better  than  the  seashore.  A  mellow 
rich  soil  which  will  hold  moisture  well  is  easily  recognized,  and  should 
be  chosen  if  available;  but  hardly  any  soil  need  be  rejected  as  imprac- 
ticable until  tried.  Good  natural  drainage  should  be  sought.  Marshy 
or  even  damp  ground  will  call  for  much  labor  and  expense  to  make  it 
fit  for  use.  The  character  of  natural  drainage  can  best  be  determined 
by  observation  of  the  lay  of  the  ground,  of  the  appearance  of  the  soil, 
and  of  the  vegetation  it  has  borne. 

The  size  of  the  garden  plot  should  depend  on  the  size  of  the  family 
and  their  taste  for  vegetables;  also  upon  what  vegetables  are  to  be 
grown  as  field  crops.  A  quarter  of  an  acre  is  considered  sufficient  for 
a  garden  for  a  family  of  four.  If  potatoes,  cabbage,  corn,  and  melons 
are  to  be  grown  in  it  this  estimate  is  hardly  sufficient;  but  if  these 
vegetables  are  put  in  the  field,  as  they  should  be,  usually  less  than  half 
an  acre  will  be  enough,  giving  room  for  early  potatoes  and  sweet  com. 
The  best  shape  is  rectangular  (see  plan,  page  11). 

DKAnrAGE. 

When  the  size  and  place  for  the  garden  have  been  determined,  atten- 
tion should  be  given  to  the  drainage,  unless  it  is  naturally  very  good 
^  indeed.   The  purpose  is  to 

~  get  rid  ofan  excess  of  water, 

which,  left  alone, cuts  ofi" the 
supply  of  air  from  the  roots 
of  the  vegetables  and  stops 
their  growth.  The  work 
must  be  done  thoroughly 
before  planting;  afterwards 
no  remedy  can  be  found  for 
a  failure. 

Surface  drainage  is  fre- 
quently secured  by  use  of 
beds  raised  above  the  level 
lisadvantages,  it  is  commended 
where  no  other  seems  practicable.* 

But  really  efiective  drainage  must  be  underground,  and  tile  drains 
are  usually  most  economical.    Where  tile  can  not  be  had,  stones  or 


\ 


>  F.  H.  Bumette,  horticnltorist  at  the  Loaisiaua  Experiment  Station,  writing  in 
Bailey's  Garden-making  for  Southern  Gardens,  says :  '' Vegetable  seeds  of  all  kinds 
should  always  be  sown  on  slight  ridges  on  all  but  very  sandy  soils.  If  the  seed  be 
sown  on  a  level  bed,  as  practiced  at  the  North;  the  ground  will  become  as  hard  as  a 
turnpike  road  should  a  heavy  rain  occur." 
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brash  may  be  placed  in  the  bottom  of  the  ditch.  For  most  soils  the 
ditches  should  be  3  to  4  feet  deep  aud  abont  30  feet  apart.  They  should 
have  plenty  of  fall  and  be  carefully  leveled  at  the  bottom.  When  the 
ditch  is  ready  to  fill,  sods,  straw,  or  paper  should  be  put  over  the  tile 
or  stones  to  keep  out  the  loose  earth.  A  ditch  can  be  dug  in  most 
soils  with  a  spade  alone  if  the  digging  is  done  so  as  to  leave  one  edge 
of  the  spade  free,  as  shown  in  flg.  1.  This  method  of  digging  of  course 
gives  an  advantage  also  in  spading  a  hard  soil  for  beds  or  other  use. 

Trenching  will  often  take  the  place  of  drains.  This  consists  of 
breaking  up  the  soil  two  spades  deep  instead  of  one.  From  the  top  a 
spadefdl  of  earth  is  thrown  out  and  then  the  subsoil  to  an  equal  depth 
is  cut,  but  is  not  taken  out  and  turned  over.  It  is  only  lifted  up  a  lit^ 
tie  and  allowed  to  drop  back  into  its  place.  This  must  be  done,  how- 
ever, in  a  way  to  break  up  the  earth  thoroughly.  Trenching  needs  to 
be  done  only  every  two  or  three  years.  It  is  especially  useful  when  the 
subsoil  is  very  hard  or  comes  near  the  surface.  Thorough  subsoil 
plowing  renders  trenching  unnecessary. 

PEEPAEATION  OF  THE  SOU. 

The  ground  is  made  ready  for  planting  by  plowing,  harrowing,  roll 
ing,  and  fertilizing.    Sx)ailing  may  be  done  lor  a  small  garden  or  where 
special  preparation  is  required  for  a  limited  space.    The  rake  is  usually 
employed  in  finishing  oft'  the  beds.    The  soil  should  be  broken  fine  as 
deep  as  the  plant  roots  may 
be  expected  to  go.    This  is 
from   15  to  20  inches.    The 
earth  is  left  fine,  loose,  and 
mellow  far  down,  f=o  the  ten- 
der roots  may  grow  through 
it  freely.    It  then  holds  mois- 
ture and  lies  close  to   the 
roo*^s,  so  as  to  supply  them 
readily    with    food.     The 
accompanying    illustrations 
firom  Bailey'sGardenmaking 
(figs.  2  and  3)  will  aid  in  un 
derstanding  the  breaking  up 
of  the  soil  desired. 

PLOWING. 

The    fall    is    the    time    for  Fio.  2.— vertical  section  of  soil  weU  prepared. 

plowingin  any  hard  orcloddy 

ground,  especially  in  stiff  clays.  The  clods  are  left  exposed  to  the  frost, 
which  is  nature's  most  effective  agent  in  opening  up  soil  and  putting  it  in 
order  for  plant  growth.  A  stiff  clay  thrown  on  edge  by  the  plow  will 
break  up  during  the  winter  into  a  mass  of  fiiie-grained  material,  almost 
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as  open  as  sand  and  well  adapted  to  growing  vegetables.  Bat  if  the 
breaking  is  left  till  spring,  or  if  the  ground  broken  in  the  fall  has 
become  compacted  during  the  winter,  the  plow  should  be  set  deep,  and 
harrowing  and  rolling  continued  until  a  fine,  loose  condition  is  secured. 
As  a  rule,  two  plowings  will  be  better  than  one  and  three  better  than 
two.  Prepare  the  soil  thoroughly  before  planting.  Neglect  of  this 
will  be  felt  all  through  the  season.  After  the  plants  are  growing  it  is 
too  late  to  work  the  ground  beneath  them. 

The  time  to  plow  in  the  spring  is  as  soon  as  deep  freezing  has  ceased 
and  the  ground  is  in  condition  to  be  worked.  The  proper  condition  for 
working  can  be  determined  by  squeezing  a  little  of  the  soil  in  the  hand. 
If  it  makes  a  ball,  and  sticks  to  the  hand,  it  is  too  wet;  if  it  breaks 

hard,  it  is  too  dry.  To  work 
well,  either  for  plowing  or 
hoeing,  it  should  crumble 
easily  and  finely,  and  leave 
very  little  dirt  on  the  hands. 

USB  OF  FBRTILIZERS. 

Of  leading  importance  in 
preparation  of  the  ground  is 
the  supply  of  plant  food,  of 
which  the  chief  essentials 
are  nitrogen,  phosphoric 
acid,  and  potash.  It  is  im- 
portant that  any  fertilizer 
used  to  supply  these  ele- 
ments should  be  thoroughly 
distributed  through  all  the 

Flo.8.-Vertical8ection  of  soil  poorly  prepared.  SOil    tO    be    reached    by   the 

roots  of  the  plants,  and  this 
distribution  must  be  completed  before  planting.  Turning  and  returning 
the  ground  and  harrowing  again  and  again  are  useful  for  the  purposes. 

A  wise  selection  of  fertilizers  can  not  be  secured  by  rule;  it  is  very 
largely  a  matter  of  experience.  A  sandy  soil  is  often  deficient  in  the 
essentials  of  plant  food,  while  a  clayey  soil  contains  them  in  abundance, 
especially  potash.  A  limestone  soil  is  likely  to  contain  a  considerable 
proportion  of  phosphoric  acid.  What  is  good  fertilization  on  a  given  soil 
for  one  crop  may  be  very  unsatisfactory  for  another.  Where  it  is  the 
purpose  to  establish  a  garden  permanently,  it  will  be  profitable  to 
determine  the  need  of  the  soil  for  fertilization  by  close  observation  of 
results  from  year  to  year.  It  will  be  well  to  make  notes  of  important 
points.  Not  only  will  the  facts  thus  gained  be  useful  for  future  gar 
dening,  but  they  will  often  find  application  in  the  larger  operations  of 
the  field. 

Most  soils  are  benefited  by  the  addition  of  humus,  a  name  applied  to 
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aoy  thoroughly  rotted  vegetable  or  aDimal  matter.  Humus  may  be 
known  by  burning  a  small  quantity  of  soil  on  a  red-hot  shovel.  If  it 
gives  an  odor  of  feathers,  it  contains  humus  irom  animal  matter;  if  an 
odor  of  straw,  it  contains  humus  ^m  vegetable  matter.  Humus 
forms  the  richness  of  nearly  all  good  land^  and  rarely  is  there  too  much 
of  it.  In  close-grained,  sticky  soils,  which  have  a  tendency  to  bake, 
the  humus  produces  a  looser  texture  and  a  better  balance  in  the  reten- 
tion of  moisture.  On  a  loose  and  leachy  soil  it  brings  the  grains  closer 
together  and  promotes  chemical  activity.  At  the  same  time  it  supplies 
plant  food.  Leaves,  garden  refuse,  and  barnyard  manure  made  into  a 
compost  and  allowed  to  decay  make  good  humus.  The  pile  must  be 
turned  over  several  times  each  year  until  it  is  thoroughly  broken  up 
into  a  mass  of  even  texture. 

Lime  may  be  very  often  added  to  a  soil  with  good  results.  It  cor- 
rects acidity,  makes  clay  soil  more  friable,  and  holds  sand  closer 
together. 

The  time  for  putting  on  fertilizers  depends  upon  the  character  of  the 
soil  and  of  the  fertilizer.  Stable  manure  may  be  spread  evenly  over 
the  surface  a  short  time  before  the  first  plowing.  It  is  generally  stated 
that  manure  should  be  thoroughly  rotted  or  "short''  when  applied,  but 
it  is  considered  a  good  practice  to  haul  it  directly  from  the  stable 
during  the  winter  and  scatter  it  on  the  ground  where  it  is  to  be  used. 
In  this  way  the  liquid  portions  are  more  fully  available.  The  principal 
advantage  in  rotting  manure  before  applying  it  is  that  the  rough  litter, 
the  straw,  etc.,  is  well  broken  up,  and  so  the  mechanical  condition  of 
the  soil  is  improved  by  its  application.  The  crop  to  be  grown  must 
often  be  considered  in  determining  how  thoroughly  rotted  the  manure 
should  be.  It  must  be  remembered  that  it  takes  more  time  for  vege- 
table tissue  to  be  broken  up  than  it  does  for  animal  tissue. 

Wood  ashes  are  a  common  and  ready  source  of  i>otash,  and  in  addi- 
tion improve  the  mechanical  condition  of  most  soils.  The  lime  in  them 
tends  to  correct  "sourness"  and  to  promote  the  important  chemical 
process  of  nitrification.  Ashes  are  usually  found  to  render  light,  sandy 
soils  more  moist  Gotton-hull  ashes  are  also  very  useful,  furnishing 
potash  and  phosphoric  acid. 

A  valuable  means  of  improving  the  soil  is  by  growing  clover  and 
cowpeas  and  turning  them  under.  Benefit  is  also  derived  by  growing 
peas  and  beans  and  other  leguminous  plants.  They  collect  nitrogen 
about  their  roots  and  it  is  left  in  the  soil. 

Some  commercial  fertilizers  are  harmful  to  certain  crops,  and  care 
must  be  taken  by  inexperienced  persons  that  a  wrong  use  is  not  made 
of  them.  Chemical  fertilizers  may  be  applied  much  nearer  the  time  at 
which  they  are  to  be  used  by  the  plant.  Bellair,  a  French  authority, 
says  for  deep  rooted  plants,  fertilizers  should  be  put  on  in  the  spring 
before  breaking  the  ground ;  for  shallow-rooted  plants,  after  breaking. 

Fuller  details  as  to  improvement  of  soil  may  be  found  in  the  foUow- 
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iug  Farmers'  BalletiDS:  No.  21,  Baruyard  Manure;  No.  44,  Commercial 
Fertilizers;  and  No.  77,  Liming  of  Soils. 

SUPPLY  OF  SEED  AHB  YOUHG  PLAHTS. 

Seeds  should  be  ready  by  the  time  the  ground  is  prepared.  It  is  usu- 
ally considered  enough  to  send  to  some  reputable  dealer  and  depend 
upon  him  for  quality.  But  it  is  so  important  to  have  good  seed  and 
mistakes  are  ho  easy  that  careful  examination  of  the  seed  some  time 
before  planting  is  advisable. 

QUALITT  AND  QUAMTITY. 

It  has  been  found  by  experiment  in  the  Department  of  Agriculture^ 
that  large,  heavy  seeds  produce  stronger  plants  than  do  small,  light 
seed.  It  is  always  a  mistake  to  plant  old  seed,  and  often  it  is  well 
to  procure  a  supply  from  a  different  part  of  the  country,  but  not  very 
remote  nor  too  different  in  climate.  In  this  way  the  tendency  of  cul- 
tivated plants  "to  run  ouf — i.  e.,  to  go  back  to  the  wild  state  from 
which  they  have  been  improved — is  counteracted.  Seeds  of  weeds  that 
are  hard  to  kill  out  are  sometimes  found  in  field  and  garden  seeds  and 
precautions  must  be  exercised  against  them. 

The  quantity  of  seed  to  be  used  will  depend  of  coarse  ui>on  the  amount 
of  ground  to  be  planted,  and  that  again  varies  with  the  size  of  the  family 
and  their  preferences  among  vegetables. 

A  quantity  necessary  to  sow  a  fixed  length  of  row  is  stated  at  the 
end  of  directions  for  soil  and  cultivation  of  various  vegetables  as  given 
on  page  15  and  following.  Reference  to  this  will  be  helpful  in  deter- 
mining how  much  seed  to  provide.  It  is  better  to  have  too  much  than 
too  little. 

PLANTS  FROM  THE  HOTBED. 

Many  vegetables,  as  tomatoes  and  cabbage,  must  be  started  in  the 
hotbed  and  the  plants  reset  once  or  twice.  Such  plants  can  usually  be 
purchased  of,  seed  dealers  or  experienced  gardeners  in  the  neighbor- 
hood. Enough  for  a  small  fanuly  may  be  started  in  a  good-sized  box  of 
earth  in  a  south  window.  But  a  hotbed  (fig.  4)  and  cold  frame  are  not 
hard  to  make.  They  should  be  located  ifi  a  sheltered,  dry  place,  such 
as  a  gentle  slope  on  the  sunny  side  of  a  barn. 

The  essentials  for  a  hotbed  are  bottom  heat,  protection  on  all  sides, 
and  a  sash  of  glass  as  cover.  The  heat  is  usually  supplied  by  the  fer- 
mentation of  horse  manure.  The  manure  should  be  taken  fresh,  with 
about  half  as  much  of  the  straw  or  litter  used  as  bedding  as  there  is 
of  manure.  It  is  piled  in  a  long  heap  about  4  feet  high  with  the  top 
level.    If  kept  under  cover,  the  manure  will  be  more  efiective.    The  pUe 

1  Yearbook,  1896,  p.  305. 
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should  be  rather  narrow  for  coDvenieDce  in  handling.  If  fermentation 
does  not  start  readily,  wetting  with  hot  water  will  start  it.  The  heap 
should  be  turned  several  times  at  intervals  to  insure  uniform  fermenta- 
tion. Id  turning  any  lumps  should  be  broken  up  and  the  warmer  por- 
tions mixed  through  the  heap.  When  the  fermentation  has  well  filled 
the  entire  heap,  the  hotbed  may  be  made. 

The  pit  for  the  hotbed  is  1  to  3  feet  deep.  It  may  well  be  built  for 
l>ermanent  use,  and  then  brick  walls  are  economical.  Board  walls  are 
i\s  good  as  long  as  they  last.  Good  drainage  is  essential.  The  pit  • 
should  be  filled  with  litter  during  the  winter  to  prevent  fireezing  on  its 
inner  surface.  This  is  especially  true  if  plants  are  to  be  started  in 
winter.  Thp  litter  is  thrown  out  when  the  time  comes  to  make  the  bed. 
Then  an  inch  or  two  of  coarse  stuff  is  put  at  the  bottom,  and  upon  this 
18  inches  to  3  feet  of  manure  is  placed.  Next  comes  a  layer  of  leaf 
mold  and  on  top  4  or  5  inches  of  fine  garden  loam. 


Flu.  4.— Section  of  hotbeil. 

The  manure  should  be  trodden  down  in  layers  about  6  inches  thick. 
If  it  is  loose  and  flufiy  after  being  trodden,  there  is  too  much  straw  in 
it;  if  it  packs  soggy  and  solid  under  the  foot,  there  is  too  little  straw. 
It  should  feel  springy  when  trodden,  but  should  not  swell  up  quickly 
in  a  loose  mass  when  released  from  pressure.  A  hotbed  with  2  feet  of 
manure  in  it  may  be  expected  to  be  good  for  six  weeks. 

Mr.  William  Saunders,  for  thirty-four  years  Horticulturist  of  this 
Department,  prefers  that  the  pit  beneath  the  hotbed  should  be  only  a 
foot  deep,  leaving  most  of  the  manure  above  ground.  Otherwise  the 
heat  is  drawn  oflF  by  the  cold  earth.  It  is  the  practice  of  some  garden- 
ers to  make  the  bed  entirely  above  ground.  In  that  case  the  frame 
should  be  at  every  point  about  a  foot  inside  the  edge  of  the  manure 
heap.  This  form  gives  an  opportunity  to  add  to  the  sides  of  the  bed 
when  the  heat  begins  to  decline. 

The  frame  in  either  case  faces  south,  and  is  0  to  8  inches  higher  at 
the  back  than  in  front.    It  is  covered  with  a  sash  slanting  to  the  front 
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to  sbed  tbe  rain,  and  bo  placed  that  it  may  be  raised  or  pushed  aside 
to  allow  ventilation.  This  sash  can  usually  be  bought  ready-made  3^ 
by  6  feet  in  size,  and  this  fixes  the  size  of  one  section  of  hotbed. 

£xx>erience  enables  the  farmer  to  judge  by  the  warmth  to  his  hand 
when  it  is  time  to  plant  seed  in  the  hotbed.  If  a  thermometer  is  used, 
90^  is  the  temperature  for  planting  tomatoes  and  other  plants  requiring 
much  warmth,  while  70^  to  80^  will  suffice  for  others.  Not  all  kinds  of 
seed  are  to  be  sown  in  the  hotbed  at  the  same  time.  Attention  must 
be  paid  to  the  time  at  which  transplanting  must  be  done.  When  the 
plants  are  ready  to  go  to  the  cold  frame  it  is  a  loss  to  leave  them  in 
the  hotbed.  But  if  it  is  still  too  cold  for  them  out  doors  a  loss  will 
occur  by  removing  them.  Oare  must  be  taken  not  to  allow  the  bed  to 
become  too  hot  when  the  sun  comes  out  suddenly,  and  to  give  plenty 
of  fresh  air.  Whenever  the  temperature  is  above  freezing  the  sash 
may  be  removed  part  way.  Water  should  be  given  as  needed,  but  in 
the  morning,  not  at  night. 

A  cold  frame  is  about  the  same  as  the  top  part  of  a  hotbed.  No 
bottom  heat,  and  therefore  no  manure,  is  necessary.  It  is  used  for 
starting  plants  in  early  spring,  for  receiving  partially  hardened  plants 
which  have  been  started  earlier  in  hotbeds  and  forcing  houses,  and  for 
wintering  young  cabbages,  lettuce,  and  other  plants.  The  boxing  need 
not  be  so  carefully  constructed  as  in  the  hotbed.  In  fact,  any  sort  of 
rough  protection  to  plants  is  in  the  nature  of  a  cold  frame. 

PLAHTDTG. 

The  time  for  the  first  planting  in  any  locality  is  only  known  by  expe- 
rience, if  early  vegetables  in  the  open  air  are  sought.  The  blooming  of 
the  peach  is  assigned  as  a  time  for  seeds  that  will  germinate  in  a  cold  soil 
and  resist  a  slight  frost.  Among  these  are  peas,  spinach,  and  onion. 
When  the  oak  leaf  breaks  from  its  bud  is  suggested  for  beets,  turnips, 
corn,  and  tomato.  Seeds  that  thrive  only  in  warmer  soil,  as  beans, 
cucumber,  canteloupe,  watermelon,  squash,  and  okra,  may  be  planted 
when  the  blackberry  is  in  blossom.  The  planting  must  be  made,  of 
course,  with  due  consideration  of  the  date  when  the  vegetable  is  expected 
to  be  ready  for  use,  and  if  a  continuous  supply  is  desired  through  the 
season  several  plantings  at  different  dates  must  be  made.  These  are 
known  as  successional  plantings.  An  estimate  of  the  number  of  days 
from  planting  to  use  is  given  in  directions  for  culture,  page  15  and 
following. 

Tbe  garden  should  be  planted,  when  it  is  practicable,  so  as  to  allow 
cultivation  by  plowing.  Where  this  can  not  well  be  done,  wheel  tools 
will  be  found  a  great  advantage.  Usually  there  must  be  some  band 
weeding,  but  it  should  be  reduced  to  a  minimum.  For  this  reason  the 
rows  should  be  long  and  continuous.  If  enough  of  one  kind  of  vege- 
table to  make  a  long  row  is  not  wanted,  several  kinds  may  be  put  in  the 
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same  row.    The  accompanjring  illustration  (fig.  5)  from  Bailey's  Hor- 
ticulturist's Eule  Book  furnishes  a  plan  for  such  planting  as  is  sug- 
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Fio.  5 — Tracy's  plan  for  kitchen  garden. 

gested.    The  rows  are  about  100  feet  long.    It  will  be  convenient  to 
have  two  narrow  footpaths  across  the  garden,  dividing  it  into  thirds,  but 
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these  need  not  break  the  rows  so  that  they  can  not  be  plowed  or  other- 
wise cultivated  throughout  their  whole  length  without  turning.  The 
direction  of  the  rows  east  and  west  is  preferred  by  some. 

MARKING  THE  ROWS. 

Various  devices  have  been  suggested  for  marking  the  rows  for  plant- 
ing. A  roller,  which  will  serve  at  the  same  time  as  a  marker,  consists 
of  a  smooth,  hard- wood  log  with  heavy  rope  secured  firmly  about  it  at 
distances  corresponding  to  the  intervals  desired  between  the  rows. 
When  plants  or  seeds  are  to  be  dropped  at  intervals,  the  places  may  be 
marked  by  knots  in  the  rope.  A  roller  may  be  made  of  a  sewer  tile  by 
knocking  off  the  collar  and  filling  the  hollow  with  cement.  When  a 
marker  is  not  available,  the  row  may  be  opened  with  a  hoe.  A  line 
should  be  employed  to  keep  the  rows  straight  and  parallel  to  each 
other;  the  better  results  will  more  than  repay  the  extra  trouble. 

CONDITION  OF  THE  SOIL. 

The  soil  should  be  moist  when  the  se^d  is  put  in  it.  Many  persons 
prefer  that  the  planting  should  be  done  just  before  a  rain ;  but  in  this 
practice  care  must  be  taken  against  the  baking  of  the  soil  over  the 
seed.  It  is  usual  to  firm  the  earth  above  the  seed  by  patting  it  lightly 
with  a  hoe  or  walking  over  it  placing  one  foot  close  after  the  other. 
This  is  to  make  sure  that  the  soil  is  brought  close  against  the  seed. 
Small,  weak  seeds  must  not  be  put  in  ground  that  bakes  or  is  not 
thoroughly  prepared.  It  is  well  to  sow  some  large  seed  of  vigorous 
growth,  such  as  radish  or  turnip,  with  celery  and  other  small  weak 
seeds.  The  added  seed  come  up,  breaking  the  crust,  so  as  to  let  out 
the  weaker  plants.  Also  they  show  where  the  row  is,  and  this  mak<'S 
way  for  cultivation  before  the  crop  is  up.  Of  course  the  radishes  or  tur- 
nips must  be  pulled  up  as  soon  as  the  other  plants  appear.  Celery  and 
other  seeds  that  germinate  slowly  should  be  shaded. 

Most  seeds  must  be  sown  much  more  thickly  than  the  plants  can  be 
profitably  grown.  If  they  come  up  well  thinning  is  necessary,  and 
this  should  be  done,  as  a  rule,  as  soon  as  the  first  true  leaves  appear. 
In  thinning  care  must  be  observed  not  to  loosen  the  roots  of  plants 
that  are  left. 

DEPTH  OF  PLANTINa. 

The  depth  of  cover  depends  upon  the  size  of  the  seed,  its  habits 
of  germination  and  early  growth,  the  soil,  and  the  season  of  planting. 
Planting  too  deep  is  a  frequent  cause  of  failure  to  come  up.  Warmth, 
air,  and  moisture  are  necessary  to  germination.  In  the  spring  mois- 
ture is  usually  abundant,  while  warmth  is  lacking.  The  soil  is  warmest 
near  the  surface.  Accordingly  the  cover  should  be  shallower  than  in 
summer,  when  warmth  is  abundant  and  moisture  is  lacking  in  the  sur- 
face soiL    A  clay  soil  admits  air  and  warmth  less  easily  than  does  a 
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sandy  soil,  and  therefore  allocs  less  covering.  Small,  weak  seeds 
should  have  less  cover  than  large,  vigorous  seeds.  Some  kinds,  as  cel- 
ery, must  be  merely  pressed  into  the  soil,  and  have  a  little  sand  or  dust 
scattered  over  them. 

Soaking  t)ie  seed  may  prove  injurious  if  continued  too  long,  but  there 
is  advantage  in  the  case  of  kinds  that  are  slow  to  germinate,  such  as 
beet,  carrot,  and  parsnip.  Also  thick  skins,  as  of  beans,  are  loosened 
by  soaking,  and  the  plants  will  come  up  probably  a  day  or  two  earlier. 

TRANSPLANTinra. 

The  time  for  transplanting  ^m  the  hotbed  or  cold  frame  is  usually 
soon  after  the  formation  of  the  first  true  leaves.  The  weather  should 
be  cloudy  or  rainy  and  the  ground  into  which  the  young  plants  are  to 
be  put  should  be  in  the  best  of  condition.  The  earth  should  be  pressed 
closely  about  the  roots  of  the  plants  in  their  new  place,  and  if  the  sun 
comes  upon  them  they  should  be  shaded  with  large  leaves,  shingles,  or 
stones.  Small  plants  may  be  shaded  with  screens  folded  from  paper 
and  held  in  place  by  stones.  If  the  leaves  of  the  young  plants  are 
clipped  oflF  about  half-way  back  from  the  point,  the  evaporation  from 
them  will  be  lessened  that  much  and  the  robts  will  have  an  opportunity 
to  establish  connection  with  the  soil  and  secure  ample  moisture  before 
the  full  demand  from  the  leaves  is  renewed.  By  this  the  plants' 
chances  for  living  will  be  materially  increased. 

Some  plants  bear  transplanting  much  better  than  others,  but  any 
plant  can  be  removed  from  place  to  pla(*e  at  will  if  the  mass  of  earth 
about  the  roots  be  preserved  nearly  unbroken  in  the  process. 

ROTATION. 

Of  course  the  same  vegetable  should  not  be  grown  year  after  year 
in  the  same  part  of  the  garden.  A  proper  rotation  is  comparatively 
as  important  in  the  garden  as  in  the  field.  Investigation  has  shown 
that  beans,  peas,  and  other  legumes  collect  nitrogen  from  the  air  and 
leave  it  in  the  soil.  It  follows  that  deficiency  of  nitrogen  may  be  sup- 
plied by  growing  leguminous  crops,  and  they  may  be  followed  by  other 
vegetables  that  especially  need  nitrogen. 

Among  suggestions  for  rotation  are  the  following:  Lettuce  may  be 
succeeded  by  beans  and  tomatoes;  beans  by  turnips,  radishes,  or  celery; 
peas  by  cabbage  or  celery;  beets  by  spinach,  lettuce,  or  okra;  onions 
by  turnips,  peas,  beans;  cabbage,  okra,  celery,  squash,  melons,  or 
cucumbers  by  beans  or  peas;  com  by  melons,  cucumbers,  squash, 
beans,  or  -pee^ 

GULTIVATIOK. 

The  chief  purposes  of  cultivation  are  to  keep  down  the  weeds  and  to 
maintain  in  the  soil  a  supply  of  air  and  moisture  favorable  to  plant 
growth. 
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The  moisture  in  the  soil  about  a  vigorous  plant  is  rapidly  carried  away 
by  eyai>oration  from  the  leaves.  As  long  as  the  ground  contains  an 
ordinary  water  supply  for  several  feet  below  the  surface  a  steady  flow 
of  moisture  goes  upward  through  the  minute  spaces  between  the  soil 
grains.  The  upper  layers  of  soil  are  kept  from  becoming  dry  by  this 
flow.  But  when  the  rainfall  is  scant  the  moisture  in  the  lower  soil  also 
becomes  exhausted  and  the  plant  curls  up  and  dwindles.  A  drought 
prevails.  The  gardener  must  provide  against  the  occurrence  of  this 
condition.  It  is  not  enough  to  remedy  it;  he  must  prevent  it.  One  of 
the  most  efficient  means  is  a  mulch,  which  is  most  conveniently  made 
of  the  surface  soil. 

TIME  FOR  THE  SOIL  MULCH. 

Usually  as  soon  as  a  rain  is  over  the  atmosphere  is  free  of  moisture, 
and  evaporation  from  the  soil  sets  in.  The  water  that  has  just  soaked 
in  comes  up  through  the  little  pores  between  the  soil  grains  and  passes 
off  from  the  surface  of  the  soil  into  the  air.  The  gardener's  aim  with 
the  mulch  is  to  save  this  moisture  and  send  it  through  his  plants.  If 
the  little  pipes  or  tubes  formed  by  the  pores  of  the  soil  are  broken,  the 
flow  through  them  is  checked  and  evaporation  from  the  ground  is  much 
lessened.  It  is  only  necessary  then  in  order  to  save  the  moisture  for 
the  plants  to  break  up  the  surface  of  the  soil  with  a  rake  or  other 
implement. 

It  is  a  serious  mistake  to  suppose  that  so  long  as  the  surface  remains 
moist  the  soil  below  is  well  supplied  with  water.  A  damp  surface  may 
mean  only  that  moisture  is  rapidly  evaporating  into  the  air.  As  often 
as  the  surface  becomes  solid  it  should  be  stirred  with  a  rake  or  hoe. 
As  a  rain  or  even  a  shower  compacts  the  soil  at  the  surfiEice,  the  conmion 
notion  that  it  renders  raking  or  shallow  plowing  less  •necessary  is  pre- 
cisely contrary  to  the  fact.  It  is  then  especially  that  the  surface  should 
be  broken*  The  same  is  true  after  irrigation.  The  raking  or  plowing 
should  be  done  as  soon  as  the  soil  will  not  cake  when  squeezed  in  the 
hand. 

IRRiaATION. 

But  frequently  dry  weather  continues  so  long  that  it  is  impossible  to 
preserve  sufficient  moisture  by  tillage  or  any  sort  of  mulching.  It  then 
becomes  necessary  to  water  the  garden.  Where  there  is  connection 
with  city  water  works  the  supply  is  ample  and  easily  reached.  In  other 
locations  various  forms  of  cisterns  and  reservoirs  are  employed.  When  . 
it  is  possible  the  reservoir  should  be  a  few  feet  above  the  level,  so  that 
any  x>art  of  the  garden  can  be  reached  with  a  hose  or  a  V-shax)ed  trough. 
The  proper  application  of  water  appears  to  be  very  simple,  but  is  in 
fact  quite  difficult. 

It  is  not  unusual  for  an  iBexperienced  x)erson  to  sprinkle  the  garden 
every  day  or  two  and  think  he  is  relieving  the  drought.  The  effect  of 
such  treatment  is  likely  to  be  harmful,  especially  if  the  sprinkling  is 
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allowed  to  leave  a  emst  about  the  plants.  In  watering,  the  earth  should 
be  thoroughly  wet,  so  that  the  moisture  will  get  to  the  lower  and  outer 
roots  of  the  plants.  In  order  to  check  evaporation  after  sprinkling,  the 
surface  should  be  broken  as  soon  as  dry  enough  to  work.  The  watering 
should  be  repeated  when  it  is  evident,  upon  careful  watching,  that  more 
moisture  is  necessary.  It  must  be  remembered  that  the  small,  active 
roots,  which  take  up  moisture  and  plant  food,  are  most  numerous  at  the 
extremities  of  the  large  roots  and  at  a  distance  ftrom  the  stem.  The 
water  must  be  so  given  as  to  reach  these  small  roots. 

The  best  time  for  watering  is  generally  thought  to  be  at  evening,  but 
Bellair  says:  <'In  the  spring,  in  the  middle  of  the  day,  because  the 
morning  and  evening  are  too  cool;  in  the  summer,  at  evening  because 
the  days  are  so  hot  that  a  great  part  of  the  water  given  during  the  day 
would  be  evaporated  immediately;  in  autumn,  in  the  morning,  because 
the  nights  are  cold.'' 

Mr.  Saunders  says:  '*  Water  at  any  time  when  the  plants  need  it, 
and  water  thoroughly.  When  I  am  told  that  watering  in  the  sunshine 
at  noon  will  burn  up  my  plants,  I  answer  that  the  plants  will  certainly 
burn  up  if  I  do  not  water  them." 

KILLINa  THE  WBBDS. 

Weeds  will  be  most  troublesome  when  rain  is  plentiful.  The  plow 
and  hoe  ought  to  be  depended  upon  mainly.  Hand  weeding  is  neces- 
sary in  some  cases,  but  is  always  slow  and  tiresome.  Various  forms  of 
cultivators  and  wheel  hoes  are  in  use  and  have  many  advantages  over 
the  ordinary  field  implements.  Also,  there  are  several  forms  of  hand 
hoes  made  to  cut  just  below  the  surface  and  kill  the  weeds  more  effec- 
tually and  rapidly  than  the  ordinary  hoes  will  do. 

Several  kinds  of  grasses  are  the  hardest  to  deal  with  when  once  they 
get  set  in  the  ground.  The  worst  of  these  are  witch  grass,  or  couch 
grass,  and  Johnson  grass.  Sometimes  very  troublesome  but  less 
important  are  crab  grass.  Nimble  Will,  and  Bermuda  grass.  The  thing 
to  do  with  these  is  to  see  that  they  are  well  killed  out  before  the  gar- 
den is  planted  and  not  to  allow  them  a  start  afterwards. 

IHSEOTIGIDES. 

Various  forms  of  insecticides  are  used  to  kill  cabbage  worms,  potato 
bugs,  apd  the  like.  Farmers'  Bulletin  Xo.  19  gives  directions  as  to 
the  preparation  of  many  of  these.  Hand  picking  of  worms  and  brush- 
ing bugs  off  the  plants  into  baskets  are  primitive  means  of  protection, 
but  sometimes  prove  the  most  practicable  and  most  effective.  A  flock 
of  turkeys  often  proves  to  be  of  great  assistance  against  insects. 

SPECIFIC  DIBECTIOKS  FOB  SEVEBAL  VEGETABLES. 

Artichoke. — The  Jerusalem  artichoke  (fig.  6)  in  a  deep,  favorable  loam, 
well  prepared,  will  produce  at  the  rate  of  300  to  600  bushels  to  the  acre. 
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Two  or  three  tubers,  if  small,  are  planted  in  a  hill.  The  hills  are  3 
feet  apart  each  way.  Cultivatioii  is  necessary  if  good  results  are 
desired,  but  the  plant  will  produce  without  any  care  whatever.  The 
tubers  are  ready  for  use  early  in  October  and  may  be  dug  at  any  time 

when  the  ground  is  not  frozen  until 
late  in  March.  Freezing  does  not 
affect  them  and  they  come  to  the 
table  fresh  from  the  earth  in  the  early 
spring  when  other  vegetables  are 
likely  to  be  stale  and  musty.  They 
are  boiled  or  steamed  till  soft  and 
served  with  cream  sauce;  they  are 
also  used  as  salads  or  ])ickles.  They 
have  about  the  same  food  value  as 
potatoes.  A  pint  of  tubers,  cut  to 
eyes  as  potatoes  are,  will  plant  25  to 
30  hills. 

ABparagoB. — This  vegetable  is  one 
of  the  earliest  to  be  ready  for  use. 
A  fertile  soil  is  best,  but  any  good 
ground  thoroughly  prepared  does 
well.  Fine  sandy  soil  makes  the 
plants  gritty.  Sow  early,  in  rows  3 
feet   apart;    cover    rather    lightly 


Fici.  ti. — JuruHaltiui  artichoke,  whole  phiui  aiiU  tutK)ra. 

Thin  when  3  or  4  inches  nigh  to  1  foot  in  the  row  if  the  soil  is  strong; 
farther  apart  on  a  sandy  soil.  Cultivate  carefully,  and  supply  a  good 
dressing  of  well-rotted  manure  each  spring.  The  plant  should  grow 
vigorously.  It  will  be  ready  for  use  in  the  third  year,  and  should  be 
cut  until  late  in  June,    it  should  then  be  well  worked  and  left  to  grow 
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to  gather  strength  for  the  next  year's  crop  offshoots.  When  the  tops 
begin  to  die  they  should  be  cut  and  burned.  The  asparagus  on  the 
market  is  usually  ^hite,  except  a  small  tip,  and  the  white  portion  is 
stringy  and  inedible.  This  is  the  result  of  deep  setting  and  cutting. 
If  the  seed  is  planted  as  here  directed  and  the  shoots  cut  a  little  below 
the  surface  when  2  to  3  inches  high,  a  dish  considered  by  many  persons 
to  be  more  satisfactory  will  be  obtained.  Two  and  one-half  ounces  of 
seed  will  sow  100  feet  of  row.  A  year  may  bo  gained  by  purchasing 
the  young  plants  a  year  old  and  setting  them  out  4  inches  deep.  For 
details  on  asparagus  growing  see  Farmers'  Bulletin  No.  Gl. 

Beans. — A  light,  loose  soil,  fertile  and  well  prepared,  will  give  the 
best  results  for  snap  beans,  and  the  croj)  wiU  be  the  earlier  for  a  consid- 
erable x>er  cent  of  sand;  but  a  fair  return  may  be  expected  from  almost 
any  soil  with  ordinary  care.  Sow  as  early  as  frost  will  permit  in  drills 
3^  feet  apart  and  cover  1  to  2  inches  deep.  The  i)lants  should  stand  5 
to  7  inches  apart  in  the  row.  The  tillage  should  be  with  a  horse  culti- 
vator. If  the  space  is  small  the  rows  may  be  8  to  12  inches  apart.  The 
plants  should  not  then  be  quite  so  dose  in  the  row,  the  supply  of 
fertilizer  and  water  a  little  more  generous,  and  a  wheel  hoe  should  be 
used  in  cultivation. 

Beans  will  be  ready  for  the  table  in  six  to  eight  weeks  firom  planting. 
If  wanted  very  early  they  can  be  handled  successfully  from  the  hotbed. 
All  green  pods  should  be  picked  as  soon  as  seed  begin  to  form.  By  a 
judicious  selection  of  kinds  a  succession  can  be  secured  without  delay- 
ing the  planting.    One  quart  sows  100  feet  of  drill. 

Lima  beans  are  planted  in  drills  3  feet  apart  and  allowed  to  stand  20 
inches  apart  in  the  row.  The  beans  should  be  placed  with  the  eye 
down  and  covered. 2  inches  deep.  Pole  beans,  both  snap  and  lima, 
must  be  planted  later  than  the  dwarf  varieties,  as  they  are  more  easily 
injured  by  frost.  Three  or  four  plants  should  be  left  in  each  hill.  One 
pint  sows  100  hills.    Beady  for  use,  lima  in  90  days,  pole  in  110  days. 

Beets. — Loose,  rich  soil  with  considerable  sand  is  desirable,  but  beets 
will  grow  well  in  any  except  a  hard,  heavy  clJiy.  The  seed  should  be 
planted  about  an  inch  deep  in  drills  3^  feet  apart.  The  sowing  may 
be  quite  early,  as  the  plants  will  stand  a  light  frost.  When  growth 
has  fairly  begun  thin  to  6  or  8  inches  in  the  row.  The  plants  removed 
may  be  used  as  greens.  Turnip  or  globe  shaped  are  liked  best  for 
summer  use;  the  long  varieties  for  winter  keeping.  Leaf  blight  is 
occasionally  troublesome  in  beets  and  may  be  met  by  spraying  with 
Bordeaux  mixture.^ 

Winter  beets  are  sown  in  July  and  August,  and  after  frost  are  taken 
up,  the  tops  cut  off,  and  the  roots  stored  in  the  cellar.  One  ounce  of 
seed  will  sow  60  to  70  feet  of  drill.  Early  varieties  may  be  used  in 
50  to  60  days;  the  roots  will  be  mature  in  150  days. 

Cabbage. — The  best  soil  is  a  deep,  rich  loam,  well  worked.    Positions 

'  See  Farmers'  BnUetin  19.    Some  Important  Insecticides;  p.  7. 
17911— No.  94 2 
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shaded  during  part  of  tKe  day  are  to  be  avoided,  for  cabbages  require 
abundaut  ligbt  and  warmth.  A  liberal  amount  of  stable  manure  or 
other  proper  fertilizer  will  make  good  returns. 

The  young  plants  should  be  started  early  in  a  hotbed  and  trans- 
planted. Usually  they  must  be  kept  for  a  time  in  the  cold  frame  before 
being  finally  set  in  hills  3  feet  apart.  It  is  best  to  wait  for  a  rain 
before  setting  out,  but  shallow  drills  may  be  made  and  soaked  with 
water  over  night.  A  light  mulch  should  be  applied  to  the  plants  when 
set.  In  dry,  hot  weather  water  should  be  given  liberally  and  the  plants 
shaded  carefully  with  boards  or  leaves. 

Cabbages  have  several  enemies,  which  will  destroy  the  crop  if  left 
alone.  Among  these  are  root  maggots,  against  which  slips  of  tarred 
paper  have  been  used  successfully;  cabbage  worms,  which  may  be 
destroyed  with  pyrethrum  or  kerosene  emulsion,  and  club  root,  for 
which  there  is  no  known  remedy. 

One  ounce  of  seed  will  produce  1,500  to  3,000  plants.  Ready  for  use 
in  100  to  160  days. 

Carrots. — Sow  early  in  loose,  rich  soil  in-  rows  3  feet  apart  for  horse 
cultivator  or  1  foot  for  the  hoe.  The  seed  is  small  and  slow  to  start. 
It  should  be  covered  lightly  and  pressed  down  firmly.  If  radish  seed 
be  sown  in  the  same  row  they  will  break  the  surface  and  mark  the  rows 
so  that  relief  may  be  given  if  the  ground  should  bake.  Thin  to  4  inches 
apart  in  the  row.  Carrots  are  considered  best  when  young  and  tender, 
and  successive  sowings  will  be  necessary  to  supply  them  in  that  condi- 
tion. One  ounce  will  plant  150  feet  of  row.  Carrots  may  be  used  in  70 
to  120  days,  varying  with  variety,  management,  etc. 

Cauliflower. — This  vegetable  deserves  more  general  cultivation  in  the 
farm  garden.  It  can  be  raised  with  about  the  same  soil,  planting,  and 
care  as  cabbage,  but  the  supply  of  moisture  must  be  maintained  more 
carefully.  The  plants  do  not  stand  very  hot  weather.  When  the  plants 
begin  to  head  the  loose  leaves  should  be  bent  over  to  whiten  the  center. 
One  ounce  of  seed  will  give  1,000  to  2,000  plants. 

Celery. — Unusual  care  is  necessary  to  grow  celery,  but  it  seldom  fails 
to  respond  to  i)roper  treatment.  Light,  rich,  and  very  fine  soil  is  needed 
to  plant  the  seed  in,  and  a  rich,  peaty  loam,  "a  sandy  muck  or  mold,  or 
any  loam  that  is  abundantly  supplied  with  humus",  is  right  for  growing 
the  celery  to  maturity. 

Young  plants  may  be  bought,  but  it  will  frequently  prove  cheaper  to 
grow  them  from  the  seed  and  they  will  then  be  stronger  and  thriftier. 
The  seed  should  be  sown  early  in  the  house  or  in  a  good  hotbed.  They 
require  a  very  little  covering  of  fine  earth  and  some  growers  merely 
press  them  into  the  soil.  A  small  box  will  give  room  for  starting  an 
abundance  of  plants.  When  the  second  leaves  appcxr  they  should  be 
transplanted  1^  to  2  inches  apart  in  large  boxes,  and  as  they  begin  to 
grow  should  be  hardened  by  exposure  to  the  open  air  and  sun  in  the 
warm  part  of  the  day.    When  settled  warm  weather  has  come,  May  or 
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Jane,  and  the  plants  have  made  a  growth  of  5  or  6  inches,  they  shoold 
be  set  in  the  garden.  It  will  be  of  advantage  at  this  time  to  trim  off 
the  tops  of  the  leaves  and  about  one-fifth  at  the  end  of  the  main  root. 
The  ground  must  be  thoroughly  worked  and  fertilized  with  fine,  rich 
compost,  containing  chicken  manure  if  practicable.  The  plants  are  set 
in  rows  3  to  4  feet  apart  and  5  to  6  inches  apart  iD  the  row.  It  is  prac- 
tically impossible  to  make  the  ground  too  rich,  and  good  stable  manure 
seems  to  be  most  in  favor  for  the  purpose.  As  much  as  2,000  pounds  to 
.the  acre  of  a  "  high  grade  complete  commercial  fertilizer"  may  be  used 
upon  the  soil  already  supplied  with  stable  manure.  The  soil  must  be 
kept  moist,  and  if  it  is  not  naturally  so  water  must  be  turned  on  liber- 
ally. Tbe  soil  must  be  loose  both  before  and  after  transplanting  and 
weeds  kept  down  industriously.  Cultivation  must  be  especially  careful 
until  the  celery  has  made  a  good  start  after  the  final  transplanting. 

Celery  may  be  giown  successfully  by  sowing  the  seed  as  directed, 
from  April  1  to  16  in  the  central  portions  of  the  United  States.  A 
light  mulch  of  fine  hay  or  light  litter  over  the  seed  will  help  bring  it 
up.  The  young  plants  should  appear  in  about  two  weeks.  Then  the 
mulch  must  be  carefully  removed. 

When  the  plants  are  nearly  grown  they  must  be  blanched.  This  is 
done  usually  by  earthing  up  the  stems  gradually  till  only  the  tips  of 
the  leaves  remain  out.  Great  care  must  be  exercised  to  keep  the  dirt 
out  of  the  center.  A  method  of  blanching  much  in  favor  with  pro- 
gressive growers  is  by  setting  boards  on  each  side  of  the  row  so  as  to 
shade  it  completely.  This  is  especially  successful  with  the  so-called 
self-blanching  kinds.  Blanching  by  setting  the  plants  very  close  and 
depending  upon  the  stalks  shading  each  other  has  not  proved  very 
successful  so  far.  One  ounce  of  seed  will  sow  100  feet  of  drill.  Eeady 
for  use  in  140  to  175  days. 

Cnoiuiibers. — A  warm,  light  sandy  soil  well  supplied  with  humus  is 
recommended,  while  a  bard,  cold  clay  and  any  poor  soil  are  unsuitable. 
Hills  a  foot  deep  and  4  to  5  feet  wide  should  be  prepared  by  thoroughly 
pulverizing  tbe  ground  and  mixing  into  it  a  liberal  supply  of  stable 
manure  and  figrtilizer.  The  only  thing  to  be  guarded  against  in  fertil- 
izing is  the  production  of  an  excess  of  vine,  with  corresponding  lack  of 
fruit.  This  condition  calls  for  pinching  off  the  terminal  buds.  The 
hills  should  be  6  to  8  feet  apart.  Seed  should  be  planted  germ  end 
down  an  inch  and  a  half  deep  late  in  April.  Weeds  must  be  kept 
down  carefully  while  the  plants  are  young.  When  the  vines  cover  the 
ground  it  is  diflftcult  to  do  anything  with  the  weeds,  because  every 
movement  is  likely  to  injure  the  cucumbers.  Many  successful  growers 
use  trellises  or  frames. 

It  is  best  to  start  the  cucumbers  in  the  hotbed  or  in  the  house  early 
in  March.  Sow  on  upturned  pieces  of  sod  6  inches  square  and  cover 
with  an  inch  of  light,  rich  soil.  Transfer  to  the  open  ground  early  in 
May.    Successional  sowing  should  begin  about  the  middle  of  May. 
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One  to  two  ounces  of  seed  will  plant  100  hills.  Beady  fomse  in  50  to 
75  days. 

Ghronnd  cherry. — This  plant  (fig.  7),  also  known  as  strawberry  or  winter 
cherry,  grows  wild  iij  the  cornfields  of  the  Mississippi  Valley.  Its  fruit 
is  used  for  preserves  for  the  table.  A  good  soil  well  worked  improves 
the  quantity  and  quality  of  its  production.  It  may  be  planted  early  in 
drills  3  feet  apart,  with  12  to  18  inches  between  the  plants  in  the  drill. 
It  is  recommended  as  very  productive  and  as 
keeping  through  the  winter  in  the  husk. 

Lettuce. — This  plant  is  the  most  generally  used 

in  this  country  for  salads.    A  warm  mellow  soil 

is  required,  with  plenty  of  water  and  thorough 

weeding.    Sow  as  soon  as  danger  of  severe  frost 

is  past.    The  seeds  are  very  small  and  may  be 

mixed  with  sand  for  sowing.    They  should  be 

covered  very  lightly.    In  the  Southern  States  it 

is  usual  to  sow  the  seed  broadcast  and  cover  by 

drawing  the  fingers  lightly  through  the  soil,  or 

to  rake  in  with  a  light  branch  of  a  tree.    The 

ordinary  rake  will  cover  too  deeply.    One  kind, 

Fio.  7. -Ground  Cherry.       the  cabbagc  Icttuccs,  foiTO  hcads  naturally;  the 

other,  the  Cos  lettuces,  do  not  head,  but  may  be 

blanched  by  tying  up  the  leaves.    Lettuce  may  be  used  in  3  to  4  weeks 

from  planting.    One-quarter  of  an  ounce  of  seed  will  sow  100  feet 

of  drill. 

Martynia  (fig.  8).-:— A  rich,  warm  soil  is  needed.  Plant  when  frost  is 
gone  for  the  year  in 'hills  3  feet  apart  each  way.  The  seed  is  slow  to 
come  up.  One  good  plant  to  the  hill  is  enough.  The  seed  pods  will 
be  ready  for  pickling  in  60  to  80  days  and  are  put  up  in  the  same  way 
as  cucumbers.  Half  an 
ounce  of  seed  will  plant 
100  hills. 

Melons. — Both  m  u  s  k  - 
melons  (cantaloupes)  and 
watermelons  need  a  warm, 
rich  soil;  but  care  must 
be  observed  not  to  grow 

the  vines  at  the  expense     '  -^  fio.  8.— Martyni*. 

of  fruit  by  improper  use 

of  fertilizing  materials.  Melons  grow  readily  in  a  fertile  sandy  loam. 
The  management  is  about  the  same  as  for  the  cucumber,  but  more 
light,  heat,  and  air  are  needed  and  not  so  much  moisture.  The  vines 
may  be  pinched  back  if  they  tend  to  run  excessively.  Muskmelons 
need  2  ounces  of  seed  to  the  100  hills;  watermelon,  4  ounces.  Musk- 
melons ripen  in  about  100  days  from  sowing  the  seed,  watermelons  in 
120  to  140  days. 
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Okra. — ^A  deep,  rich  soil  well  prepared  is  to  be  desired  for  okra,  but 
it  makes  a  thrifty  growth  and  will  do  well  with  very  little  care  after  it 
has  a  good  start,  anless  the  season  is  very  wet  and  cool.  The  seed 
does  not  come  up  with  mnch  certainty,  and  two  or  three  plantings  may 
be  necessary.  Seed  should  usually  be  procured  fresh  from  a  dealer 
every  year,  but  with  intelligent  handling  it  may  be  saved  from  the  pod. 
Okra  should  be  planted  as  soon  as  frost  is  gone,  in  drills  2^  to  3  feet 
apart  and  covered  an  inch  deep.  Thin  to  12  or  18  inches  as  soon  as 
the  plants  begin  to  grow  well. 

The  pods  are  cut  3  to  5  days  after  the  flowers  fall,  and  are  usually 
boiled  alone  or  in  soup  with  other  vegetables.  One  and  a  half  ounces 
of  seed  will  plant  100  hills.  Use  of  the  i)od8  may  begin  in  90  to  100 
days  from  planting. 

Onions. — A  rich,  deep,  friable  loam  is  the  best  soil.  Sow  early  in 
shallow  drills  1  to  3  feet  apart,  and  cover  with  half  an  inch  of  well 
pulverized  soil.  Thin  to  4  inches  in  the  row.  Keep  down  the  weeds 
industriously.  This  will  usually  require  working  every  ten  days. 
Instead  of  sowing  seed,  the  sets  may  be  put  out  4  to  6  inches  apart  in 
rows  a  foot  apart.  The  ground  does  not  then  need  to  be  so  finely  pul- 
verized before  planting.  If  the  sets  are  put  out  in  October  they  will 
fiimish  slender  white  stems  for  the  table  about  two  weeks  from  the 
beginning  of  growth  in  the  spring.  Onions  well  ripened  keep  well 
through  the  winter  in  a  dry,  cool  place.  One-third  ounce  of  seed  or 
1  quart  of  sets  go  to  100  feet  of  row.  Farmers'  Bulletin  No.  39  fur- 
nishes full  details  on  onion  culture.  Beady  for  use  in  100  to  110  days; 
ripe  in  160  days,  according  to  variety. 

Parsley. — ^This  is  a  biennial.  Deep  rich  soil  made  very  fine  and  mel- 
low is  best.  Sow  early  in  the  spring  in  drills  half  an  inch  deep  and  a 
foot  apart.  Thin  to  6  inches  in  the  row,  when  the  second  pair  of  leaves 
appear.  If  wanted  in  early  spring  parsley  may  be  sowed  in  September 
in  a  moderately  fertile  soil.  During  the  cold  weather  the  plants  should 
be  covered  nearly  to  the  top  with  leaves,  held  in  place  by  brush.  One- 
fourth  of  an  ounce  of  seed  will  sow  100  feet  of  drill. 

Parsnips. — This  vegetable  is  grown  precisely  as  the  carrot  (p.  18).  It 
may  be  left  in  the  ground  all  winter  and  dug  as  wanted.  It  is  consid- 
ered sweeter  and  better  when  managed  in  that  way.  One-fourth  of  an 
ounce  of  seed  will  sow  100  feet  of  drill.  The  roots  are  ready  for  use  in 
140  days  from  planting. 

Peas. — Frost  is  not  so  fatal  to  peas  as  to  beans,  and  the  sowing  may 
therefore  be  earlier.  The  soil,  planting,  and  cultivation  are  practically 
the  same  as  for  beans  (p.  17),  but  peas  require  a  better  soil  and  more 
attention.  Some  of  the  best  i)eas  grow  tall  and  require  sticks  or  wire 
to  hold  them  ofif  the  ground.  The  half  dwarf  kind  may  be  planted  in 
close  rows  so  that  they  will  support  each  other.  The  seed  does  not 
come  up  with  quite  so  much  certainty  as  beans  and  the  plant  seems  to 
suffer  more  by  accidents  and  disease.    Mildew  is  probably  the  worst 
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enemy,  and  is  treated  with  Bordeaux  mixture.  (Footnote  p.  17.) 
Weevil  in  the  seed  may  be  killed  by  soaking  for  an  hour  in  a  solution 
of  an  ounce  of  copper  carbonate  and  a  little  less  than  a  pint  of  ammonia 
to  1^  gallons  of  water.  If  peas  are  wanted  for  several  weeks,  successive 
sowings  must  be  made  or  varieties  judiciously  chosen. 

Two  distinct  kinds  of  peas  are  known,  smooth  t^eeded  and  wrinkled 
seeded.  The  latter  are  earlier  and  last  longer;  the  former  sometimes 
have  edible  pods  and  are  known  as  sugar  peas.  One  pint  of  seed  will 
plant  100  feet  of  drill.  Eeady  for  use  in  50  to  90  days,  according  to 
variety. 

Potatoes. — ^A  rich,  sandy  loam  is  the  most  favorable  soil.  It  should 
be  thoroughly  loosened  so  that  the  tubers  may  grow  freely.  Plant 
as  soon  as  frosts  cease,  about  3  inches  deep,  12  to  18  inches  apart,  in 
rows  3  feet  apart.  The  tubers  are  cut  for  planting  so  as  to  leave  one 
or  two  eyes  to  each  piece.  Level  cultivation  is  preferred.  The  weeds 
must  be  kept  down,  and  when  the  potato  bugs  appear  they  must  be 
killed  promptly  by  a  free  use  of  Paris  green  or  by  brushing  off  by  hand. 
A  second  planting,  covered  deeper,  about  May  day  will  give  potatoes 
for  use  in  August,  and  a  still  later  planting  will  furnish  the  fall  crop. 
In  digging  and  storing  potatoes  should  not  be  much  exposed  to  light. 
A  peck  of  potatoes  will  plant  300  feet  of  row.  For  additional  infor- 
mation regarding  potatoes  see  Farmers'  Bulletin,  No.  35.  Potatoes  are 
ready  for  use  in  85  to  135  days. 

BadiflhcB. — Among  the  first  usually  sown  are  radishes.  They  require 
little  space  and  can  be  grown  indoors. .  A  loose,  rich,  deep  soil,  better 
if  sandy,  is  required.  The  radish  should  grow  very  rapidly  and  be 
eaten  while  still  very  young.  The  drills  are  made  12  to  14  inches 
apart  and  the  plants  3  inches  in  the  drill.  The  seed  should  be  covered 
about  an  inch  deep.  It  comes  up  well,  but  should  be  planted  thick 
and  thinned  promptly.  Badishes  are  frequently  sown  broadcast  and 
raked  in  lightly.  Grubs  sometimes  destroy  the  roots.  The  only  escape 
is  to  plant  in  soil  where  the  grubs  have  not  found  lodgment.  Frequent 
sowings  will  be  made  by  those  who  enjoy  fresh,  crisp  radishes.  An 
ounce  of  seed  will  sow  100  feet  of  drill.  Eeady  for  use  in  20  to  45  days^ 
according  to  kind. 

Ehnbarb.— The  soil  should  be  deeply  worked  and  rich,  but  the  plant 
will  grow  with  ordinary  care  upon  any  good  ground.  An  open  position, 
sheltered  from  east  winds,  is  desirable.  Bone  meal  and  barnyard  manure 
are  recommended  as  fertilizers.  Rhubarb  may  be  grown  by  sowing 
the  seed  in  the  spring,  but  it  is  better  to  use  the  divided  roots  of  old 
plants.  They  should  be  set  2  to  3  feet  apart  and  may  occupy  an  other- 
wise unused  corner.  Once  set,  it  will  produce  for  several  years  with 
very  little  attention.  Use  begins  in  the  second  season  and  must  be 
discontinued  in  the  summer  in  time  to  allow  the  plants  to  recuperate 
for  the  next  year.    An  ounce  of  seed  will  sow  125  feet  of  drill. 

Salsify. — The  planting  and  cultivation  are  the  same  as  for  the  carrots 
(p.  18),  except  that  a  little  more  space  between  the  plants  in  the  drill 
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will  be  an  advantage.    Salsify  may  be  left  out  all  winter  if  freezing  is 
not  very  severe,  but  it  is  considered  better  to  pull  and  store. 

One  ounce  of  seed  will  sow  100  feet  of  drill.  Beady  for  use  in  130  to 
140  days. 

Spinach. — For  early  use  sow  in  a  sheltered  place  in  a  dry,  well  pre- 
paried,  fertile  soil.  Later  the  plants  seem  to  need  moister  ground.  If 
sown  in  the  fall,  spinach  can  usually  be  wintered  under  a  mulch,  which 
should  be  removed  early  in  the  spring.  The  drills  should  be  a  foot 
apart  and  the  seed  covered  about  an  inch  deep.  Thin  to  6  inches  apart, 
and  finally,  as  the  plants  grow,  to  12  inches  in  the  row.  Gather  two  or 
three  of  the  largest  leaves  as  wanted  from  each  plant  as  soon  as  they 
are  large  enough.  Cut  the  heads  when  flower  stems  appear.  New  Zea- 
land spinach  is  a  new  variety  quite  diflferent  from  the  common.  The 
plants  should  stand  3  feet  apart.  Perpetual  spinach  is  sown  in  rows  a 
foot  apart  in  very  rich  soil  and  thinned  so  as  to  give  plenty  of  room. 
Half  an  ounce  of  seed  is  right  for  100  feet  of  drill  of  the  ordinary  kind; 
25  plants  of  the  New  Zealand  is  enough  for  a  family.  Eeady  for  use  in 
25  to  35  days;  New  Zealand,  40  to  55  days. 

Squash. — ^A  warm,  light,  rich  soil,  deeply  worked,  is  best.  Plenty  of 
stable  manure  will  be  repaid  by  increased  yield.  Plant  summer  varie- 
ties in  slightly  elevated  hills,  4  feet  apart  each  way,  as  soon  as  the 
ground  is  warm.  Place  the  seed  upright,  with  the  eye  down,  and  cover 
1  to  3  inches  deep.  Late  varieties  should  be  planted  in  hills  6  to  8  feet 
each  way,  leaving  four  plants  to  a  hill.  Another  way  is  to  plant  in 
rows  12  to  20  feet  apart  and  thin  to  6  feet  between  hills  in  the  row. 
Early  beans  or  peas  may  be  cultivated  between  the  rows,  to  be  cleared 
away  in  July.  Weeds  must  be  kept  down  and  moisture  held  by  culti- 
vation. The  hand  hoe  must  be  used  after  the  vines  begin  to  run. 
Seed  from  the  home  garden  is  likely  to  be  crossed  with  cucumbers  or 
melons  and  the  product  unsatisfactory.  One  ounce  of  seed  for  summer 
and  two  ounces  for  winter  will  plant  25  hills.  The  summer  squash  may 
be  used  in  50  days;  winter  squash  will  be  ripe  in  115  to  125  days. 

Sweet  oom. — This  crop  requires  much  room  and  a  rich  soil,  broken 
deep.  It  does  not  demand  the  careful  pulverizing  and  loosening  of  the 
ground  before  planting  which  is  usual  in  garden  culture  but  will 
give  better  results  for  this  and  other  generous  treatment.  Plant  as 
soon  as  danger  of  frost  is  past  in  drills  3^  feet  apart,  dropping  three  or 
four  grains  every  18  inches,  or  in  hills  3^  feet  each  way.  Cover  2  to  4 
inches  deep.  Keep  the  surface  of  the  earth  broken,  so  as  to  insure 
plenty  of  moisture  and  kill  the  weeds.  For  the  garden  the  early  sweet 
varieties  are  most  useftal.  They  will  come  to  the  table  several  weeks 
earlier  than  the  large  field  kinds.  Successional  planting  should  be 
made,  and  about  an  eighth  of  an  acre  should  give  a  constant  supply  of 
roasting  ears  for  an  ordinary  family.  One-fourth  to  one-half  pint  will 
plant  100  feet  of  drill.  Corn  should  be  ready  for  use  in  55  to  85  days. 
Sweet  potato. — Warm,  sandy,  rather  dry  soil  should  be  selected  if 
available.    Plants  may  be  bought.    If  raised  in  the  hotbed  the  old 
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potatoes  should  be  buried  2  or  3  inches  deep  in  the  bed  two  or  three 
weeks  before  the  plants  are  wanted.  When  frost  is  gone  set  the  young 
plants  in  well-manured  rows  6  feet  apart  and  12  to  18  inches  in  the  row. 
Shallow  cultivation  is  to  be  given,  killing  the  weeds  and  keeping  the 
soil  loose.  When  the  vines  begin  to  run  they  must  be  laid  aside  before 
plowing.'  In  some  localities  the  crop  is  much  ii\jured  if  the  vines  take 
root  in  running,  and  this  is  prevented  by  moving  them  after  othei* 
attention  has  ceased.  Two  to  four  plowings  with  the  cultivator  and 
one  or  two  hoeings  will  be  enough.  They  will  be  ready  for  use  late  in 
August,  when  a  little  more  than  half  grown.  They  are  taken  fipom  the 
hills  as  wanted  without  pulling  up  the  vines.  The  potatoes  are  all  dug 
when  frost  kills  the  vines.  Five  hundred  plants  will  set  from  350  to 
600  feet  of  row.  Additional  information  is  given  in  Farmers'  Bulletin 
No.  26. 

Tomata — ^A  clayey  soil  is  liked  by  some,  sandy  by  others.  Deep 
preparation  and  plenty  of  manure  will  make  good  tomatoes  on  almost 
any  soiL  Too  much  manure  on  a  light  soil  may  cause  the  plant  to  run 
to  vine.  Sow  the  seed  in  the  hotbeds  about  the  end  of  March,  and  set 
the  plants  when  2  inches  high  3  feet  apart  in  rows  3^  feet  apart.  They 
should  not  be  set  out  till  the  temperature  is  likely  to  stay  above  60^. 
This  will  usually  be  when  oak  leaves  are  well  out  of  the  bud. 

Thorough  cultivation,  loosening  the  soil  and  killing  the  weeds,' is 
necessary  till  the  plants  begin  to  spread  and  cover  the  ground.  The 
soil  should  be  drawn  up  to  the  plants  in  hills  2  or  3  inches  high.  Some 
support,  as  a  trellis,  is  necessary  to  keep  the  fruit  off  the  ground. 

The  fruit  will  begin  to  ripen  in  August,  and  should  be  picked  as  fiEhSt 
as  ripe.  The  plant  will  usually  continue  bearing  till  frost,  and  if  the 
full-sized  green  tomatoes  are  then  placed  under  a  cold  frame  or  on  the 
cellar  floor  they  will  usually  ripen.  One  ounce  of  seed  will  produce 
3,500  to  4,600  plants.  Farmers'  Bulletin  No.  76,  Tomato  Growing,  gives 
full  derails. 

Tomips. — ^Bich  finely  pulverized  soil  is  needed.  A  sandy  or  gravelly 
loam  is  preferred.  The  seed  may  be  sown  quite  early,  as  the  plants 
are  not  easily  iiurt  by  fit>st.  Sow  in  drills  1  foot  apart  and  half  an  inch 
deep,  or  sow  broadcast  and  rake  in  lightly.  If  there  should  be  no  rain 
a  thorough  sprinkling  will  insure  germination.  The  plants  should 
stand  at  least  3  inches  apart.  Repeated  sowings  are  necessary  for  a 
satisfactory  succession  in  summer.  White  varieties  are  preferred  for 
summer  use. 

For  winter,  sow  late  in  July.  A  yellow  kind  is  much  liked.  No  cul- 
tivation is  required  when  .sown  broadcast.  Turnips  may  be  stored  the 
same  as  potatoes.  The  tops  should  be  cut  away.  If  covered  with  sand 
they  will  not  wither,  but  may  start  to  grow  if  the  cellar  is  warm  and 
will  become  pithy.  Turnips  mature  in  about  two  months.  One  ounce 
of  seed  is  enough  for  200  feet  of  drill. 


Digitized  by  VjOOQ IC 


U.  S.  DEPARTMENT  OF  AGRICULTURE. 


FARMERS'   BULLETIN    No.  95. 


GOOD  ROADS  FOR  FARMERS. 


BY 


MAURICE    O.   ELDRIDGE, 

Aciinj^  Director,  Office  of  Public  Roctd  Inquiries, 


WASHINGTON: 

GOVERNMENT    PRINTING    OFFICE. 
1900. 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Office  of  Public  Road  Inquiries, 

Washington^  D.  C.,  February  6, 1900. 
Sir:  I  have  the  honor  to  ti*ansmit  herewith  revised  copy  of  Fanners' 
Bulletin  No.  96,  Good  Roads  for  Farmers,  and  to  recommend  a  reprint 
of  the  same  to  meet  the  constant  demand  for  the  information  it  con- 
tains. The  manuscript  of  the  bulletin  was  originally  submitted  March 
23, 1899,  by  Gen.  Roy  Stone,  then  Director  of  the  Ofl5ce  of  Public  Road 
Inquiries.  Since  its  publication  some  slight  inaccuracies  have  been 
discovered  which  have  been  corrected  in  the  present  edition.  The  end 
in  view  is  to  present  in  the  plainest  possible  language  the  fundamental 
principles  of  road  building  and  maintenance,  and  to  furnish  instruction 
and  advice  to  those  whose  facilities  are  limited  and  who  are  often  sup- 
plied with  only  natural  materials. 

Cuts  Nos.  2,  3,  4,  6,  8,  9,  10,  11,  19,  20,  28,  30,  42,  46,  48,  49  were 
kindly  loaned  by  the  League  of  American  Wheelmen,  and  were  taken 
from  '' Macadam  Roads"  and  "Country  Roads,"  copyrighted  by  the 
author,  Mr.  Isaac  B.  Potter,  in  1894,  and  the  copyright  sold  July  16, 
1896,  to  the  League  of  American  Wheelmen.  The  matter  quoted  from 
Isaac  B.  Potter,  pp.  12, 16, 17,  and  33,  was  taken  by  permission  of  the 
author  from  the  same  copyrighted  publications. 
Respectfully, 

Maurice  O.  Eldridge, 

Acting  Director. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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GOOD  ROADS  FOB  FARMERS. 


IVTEODIJCnOH. 

Bad  roads  constitnte  the  greatest  drawback  to  rural  life^  and  for  the 
lack  of  good  roads  the  farmers  suffer  more  than  any  other  class.  It 
is  obviously  unnecessary,  therefore,  to  discuss  here  the  benefits  to  be 
derived  by  them  from  improved  roads.  Suffice  it  to  say,  that  those 
localities  where  good  roads  have  been  built  are  becoming  richer,  more 
prosperous,  and  more  thickly  settled,  while  those  which  do  not  possess 
these  advantages  in  transportation  are  either  at  a  standstill  or  are 
becoming  x)oorer  and  more  sparsely  settled.  If  these  conditions  con- 
tinue, fruitftil  farms  may  be  abandoned  and  rich  lands  go  to  waste. 
Life  on  a  farm  often  becomes,  as  a  result  of  <<  bottomless  roads,"  isolated 
and  barren  of  social  enjoyments  and  pleasures,  and  country  people  in 
some  communities  suffer  such  great  disadvantage  that  ambition  is 
checked,  energy  weakened,  and  industry  paralyzed. 

Good  roads,  like  good  streets,  make  habitation  along  them  most  desir- 
able; they  economize  time  and  force  in  transportation  of  products, 
reduce  wear  and  tear  on  horses,  harness,  and  vehicles,  and  enhance 
the  market  value  of  real  estate.  They  raise  the  value  of  farm  lands 
and  farm  products  and  tend  to  beautify  the  country  through  which 
they  pass;  they  facilitate  rural  mail  delivery  and  are  a  x)otent  aid  to 
education,  religion,  and  sociability.  Charles  Sumner  once  said,  ^^The 
road  and  the  schoolmaster  are  the  two  most  important  agents  in 
advancing  civilization." 

The  difference  between  good  and  bad  roads  is  often  equivalent  to  the 
difference  between  profit  and  loss.  Good  roads  have  a  money  value  to 
farmers  as  well  as  a  political  and  social  value,  and  leaving  out  conveni- 
ence, comfort,  social  and  refined  influences  which  good  roads  always 
enhance,  and  looking  at  them  only  from  the  ^^ almighty  dollar"  side, 
they  are  found  to  pay  handsome  dividends  each  year. 

People  generally  are  beginning  to  realize  that  read  building  is  a 
public  matter,  and  that  the  best  interests  of  American  agriculture  and 
the  American  people  as  a  whole  demand  the  construction  of  good  roads, 
and  that  money  wisely  expended  for  this  purpose  is  sure  to  return. 
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PSnrCIFLES  WHICH  SHOULD  OOVEEV  LOCATIOH  AHD  TEEATXEHT 

OF  BOADS. 

Eoad  making  is  perfected  by  practice,  experience,  and  labor.  Soils 
and  clays,  sand  and  ores,  gravels  and  rocks,  are  transformed  into 
beautiful  roads,  streets,  and  boulevards,  by  methods  which  conform 
with  their  great  varieties  of  characters  and  with  nature's  laws.  The 
art  of  road  building  depends  largely  for  its  success  upon  its  being 
carried  on  in  conformity  with  certain  general  principles. 

It  is  necessary  that  roads  should  be  hard,  smooth,  comparatively 
level,  and  fit  for  use  at  all  seasons  of  the  year;  that  they  should  be 
properly  located,  or  laid  out  on  the  ground,  so  that  their  grades  may 
be  such  that  animate  or  inanimate  power  may  be  applied  upon  them 
to  the  best  advantage  and  without  great  loss  of  energy;  that  they 


Fig.  1 — Orand  view  of  the  AxenstrMse  m  it  akirts  the  bay  of  Uri  near  Fluelen  in  the  Alps  of 

Switzerland. 

should  be  properly  constructed,  the  ground  well  drained,  the  roadbed 
graded,  shaped,  and  rolled,  and  that  they  should  be  surfaced  with  the 
best  material  procurable;  that  they  should  be  properly  maintained  op 
kept  constantly  in  good  repair. 

All  the  important  roads  in  the  United  States  can  be  and  doubtless 
will  be  macadamized  or  otherwise  improved  in  the  not  distant  future. 
This  expectation  should  govern  their  present  location  and  treatment 
everywhere.  Unless  changes  are  made  in  the  location  of  the  roads  in 
many  parts  of  th^  country  it  would  be  worse  than  folly  to  macadamize 
them.  <<Any  costly  resurfacing  of  the  existing  roads  will  fasten  them 
where  they  are  for  generations,"  says  General  Stone.    The  chief  diffl- 
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oalty  in  this  coantry  is  not  with  the  sorflAcey  but  with  the  steep  grades, 
many  of  which  are  too  long  to  be  redaced  by  catting  aod  filling  on  the 
present  lines,  and  if  this  coold  be  done  it  would  cost  more  in  many 
eases  than  relocating  them. 

Many  of  oar  roads  were  origiaally  laid  oat  withoat  any  attention  to 
general  toi>ography,  and  in  most  cases  followed  the  settler's  path  from 
cabin  to  cabia,  the  pig  trail,  or  ran  along  the  boundary  lines  of  the  farms 
regardless  of  grades  or  direction.  Most  of  them  remain  to-day  where 
they  were  located  years  ago,  and  where  untold  labor,  expense,  and 
energy  have  been  wasted  in  trying  to  haul  over  them  and  in  endeavors 
to  improve  their  deplorable  condition. 

The  great  error  is  made  of  continuing  to  follow  these  primitive  paths 
with  our  public  highways.  The  right  course  is  to  call  in  an  engineer 
and  throw  the  road  around  the  end  or  along  the  side  of  steep  hills  (fig.  1) 
instead  of  continuing  to  go  over  them;  or  to  pull  the  road  up  on  dry 
solid  ground  instead  of  splashing  through  the  mud  and  water  of  the 
creek  or  swamp.  Far  more  time  and  money  have  been  wasted  in  trying 
to  keep  up  a  single  mile  of  one  of  these  '< pig- track"  surveys  than  it 
would  take  to  build  and  keep  in  repair  two  mUes  of  good  road. 

Another  and  p^haps  greater  error  is  made  by  some  x>er8ons  in  the 
West  who  continue  to  lay  out  their  roads  on  "section  lines.''  These 
sections  are  all  square,  with  sides  running  north,  south,  east,  and  west. 
A  person  wishing  to  cross  the  country  in  any  other  than  these  direc 
tions  must  necessarily  do  so  in  rectangular  zigzags.  It  also  necessi- 
tates very  often  the  crossing  and  recrossing  of  hills  and  valleys,  which 
might  be  avoided  if  the  roads  had  been  constructed  on  scientific  prin- 
ciples. 

In  the  prairie  State  of  Iowa,  for  example,  where  roads  are  no  worse 
than  in  many  other  States,  there  is  a  greater  number  of  roads  having 
much  steeper  grades  than  are  found  in  the  mountainous  Republic  of 
Switzerland.  In  Maryland  the  old  stagecoach  road  or  turnpike  running 
from  Washington  to  Baltimore  makes  almost  a  "bee  line,"  regardless 
of  hills  or  valleys,  and  the  grades  at  places  are  as  steep  as  10  or  12  per 
cent,  where  by  making  little  detours  the  road  might  have  been  made 
perfectly  level,  or  by  running  it  up  the  hills  less  abruptly  the  grade 
might  have  been  reduced  to  3  or  4  per  cent,  as  is  done  in  the  hilly 
regions  of  many  parts  of  this  and  other  countries  (fig.  2).  Straight 
roads  are  the  proper  kind  to  have,  but  in  hilly  countries  their  straight- 
ness  should  always  be  sacrificed  to  obtain  a  level  surfetce  so  as  to  better 
accommodate  the  people  who  use  them. 

Graceful  and  natural  curves  conforming  to  the  lay  of  the  land  add 
beauty  to  the  landscape,  besides  enhancing  the  value  of  property. 
Not  only  do  level  curved  roads  add  beauty  to  the  landscape  and  make 
lands  along  them  more  valuable,  but  the  horse  is  able  to  utilize  his  full 
strength  over  them  (fig.  3);  furthermore  a  horse  can  pull  only  four- 
fifths  as  much  on  a  grade  of  2  feet  in  100  feet,  and  this  gradually  lessens 
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nDtil  with  a  grade  of  10  feet  in  100  feet  he  can  draw  but  one-fourth  as 
much  as  he  can  on  a  level  road. 

All  roads  should  therefore  wind  around  hills  or  be  cat  through 
instead  of  running  over  them,  and  in  many  cases  the  former  can  be  done 
without  greatly  increasing  the  distance.  To  illustrate,  if  an  apple  or 
pear  be  cut  in  half  and  one  of  the  halves  placed  on  a  flat  surface,  it  will 
be  seen  that  the  horizontal  distance  around  from  stem  to  blossom  is  no 
greater  than  the  distance  over  between  the  same  points. 

The  willfulness  of  one  or  two  private  individuals  sometimes  becomes 
a  barrier  to  traffic  and  commerce.  The  great  drawback  to  the  laying 
out  of  roads  on  the  principle  referred  to  is  that  of  the  necessity,  in 
some  cases,  of  building  them  through  the  best  lands,  the  choicest 
pastures  and  orchards,  instead,  as  they  do  now,  of  cutting  around  the 
farm  line  or  passing  through  old  worn-out  fields  or  over  rocky  knolls. 
But  if  farmers  wish  people  to  know  that  they  have  good  farms,  good 


FiQ.  2. — Maoadam  road  In  Italy  showing  manner  of  location  and  constmotlon  of  road  running  axonnd 

ahlU. 

cattle,  sheep,  or  horses,  good  grain,  Aruit,  or  vegetables,  they  should  let 
the  roads  go  through  the  best  parts  of  the  farms. 

The  difference  in  length  between  a  straight  road  and  one  which  is 
slightly  curved  is  less  than  one  would  imagine.  Says  Sganzin :  <<  If  a 
road  between  two  places  10  miles  apart  were  made  to  curve  so  that  the 
eye  could  see  no  farther  than  a  quarter  of  a  mile  of  it  at  once,  its  length 
would  exceed  that  of  a  perfectly  straight  road  between  the  same  points 
by  only  about  150  yards.'^  Even  if  the  distance  around  a  hill  be  much 
greater,  it  is  often  more  economical  to  construct  it  that  way  than  to  go 
over  and  necessitate  the  expenditure  of  large  amounts  of  money  in 
reducing  the  grade,  or  a  waste  of  much  valnable  time  and  energy  in 
transporting  goods  that  way.  Gillespie  says  "that,  as  a  general  rule, 
the  horizontal  length  of  a  road  may  be  advantageously  increased  to 
avoid  an  ascent  by  at  least  twenty  times  the  perpendicular  height 
which  is  thus  to  be  avoided — that  is,  to  escape  a  hill  100  feet  high,  it 
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would  be  proper  for  the  road  to  make  each  a  circait  as  would  increase 
its  leugth  2,000  feet."  The  mathematical  axiom  that  <'  a  straight  line  is 
the  shortest  distance  between  two  points''  is  not,  therefore,  the  best 
rule  to  follow  in  laying  out  a  road;  better  is  the  proverb  that  <<the 
longest  way  round  is  the  shortest  way  home.'' 

ORADfiS. 

The  grade  is  the  most  important  factor  to  be  considered  in  the  location 
of  roads.    The  smoother  the  road  surface,  the  less  the  grade  should  be. 


Fio.  8 Hauling  bay  to  market  over  a  level  road  in  Normandy,  France.    This  load  weigbs  upward 

of  4  tons.    The  road  is  always  kept  smooth  and  bard,  making  the  markets  always  accessible  (drawn 
from  photograph). 

Whether  the  road  be  constructed  of  earth,  stone,  or  gravel,  steep 
grades  should  always  be  avoided  if  possible.  They  become  covered  at 
times  with  coatings  of  ice  or  slippery  soil,  making  them  very  difficult 
to  ascend  with  loaded  vehicles  as  well  as  dangerous  to  descend.  They 
allow  water  to  rush  down  at  such  a  rate  as  to  wash  great  gaps  along- 
side or  to  carry  the  surfacing  material  away.  As  the  grade  increases 
in  steepness  either  the  load  has  to  be  diminished  in  proportion  or  more 
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horses  or  power  attached.    From  Gillespie  we  find  that  if  a  horse  can 
pull  on  a  level  1,000  pounds,  on  a  rise  of— 

1  foot  in —  Pound*. 

100  feet  be  draws 900 

60  feet 810 

44  feet 750 

40  feet 720 

80  feet 640 

25  feet 540 

24  feet 500 

20  feet 400 

10  feet 250 

It  is  therefore  seen  that  when  the  grades  are  1  foot  in  44  feet  or  120 
feet  to  the  mile  a  horse  can  draw  only  three-fourths  as  much  as  he  can 
on  a  level;  where  the  grade  is  1  foot  in  24  feet,  or  220  feet  to  the  mile, 
he  can  draw  only  one-half  as  much,  and  on  a  10  ]>er  cent  grade,  or  520 
feet  to  the  mile,  he  is  able  to  draw  only  one-fourth  as  much  as  on  a 
level  road. 

As  a  chain  is  no  stronger  than  its  weakest  link,  just  so  the  greatest 
load  which  can  be  hauled  over  a  road  is  the  load  which  can  be  hauled 
through  the  deepest  mud  hole  or  up  the  steepest  hill  on  that  road. 
The  cost  of  haulage  is,  therefore,  necessarily  increased  in  proportion  to 
the  roughness  of  the  surface  or  steepness  of  the  grade.  It  costs  one 
and  one-half  times  as  much  to  haul  over  a  road  having  a  5  per  cent  grade 
and  three  times  as  much  over  one  having  a  10  per  cent  grade  as  on  a 
level  road.  As  a  i)erfectly  level  road  can  seldom  be  had,  it  is  well  to 
know  the  steepest  allowable  grade.  If  the  hill  be  one  of  great  length, 
it  is  sometimes  best  to  have  the  lowest  part  steei>est,  upon  which  the 
horse  is  capable  of  exerting  bis  full  strength,  and  to  make  the  slope 
more  gentle  toward  the  summit,  to  correspond  with  the  continually 
decreasing  strength  of  the  fatigued  animaL 

So  far  as  descent  is  concerned,  a  road  should  not  be  so  steep  that  the 
wagons  and  carriages  can  not  be  drawn  down  it  with  perfect  ease  and 
safety.  Sir  Henry  Pamel]  considered  that  when  the  gr^de  was  no 
greater  than  1  foot  in  35  feet  vehicles  could  be  drawn  down  it  at  a  speed 
of  12  miles  an  hour  with  perfect  safety.    Gillespie  says: 

It  has  been  ascertained  that  a  hone  can  for  a  short  time  double  his  nsaal  exertion; 
also,  that  on  the  best  roads  he  exerts  a  pressure  against  his  collar  of  about  one 
thirty-fifth  of  the  load.  If  he  can  double  his  exertion  for  a  time,  he  oau  puU  one 
thirty-fifth  more,  and  the  slope  which  would  force  him  to  lift  that  proportion  would 
be,  as  seen  from  the  above  table,  one  of  1  in  35,  or  about  a  3  per  cent  grade.  On  this 
slope,  however,  he  would  be  compelled  to  double  his  ordinary  exertion  to  draw  a 
full  load,  and  it  would  therefore  be  the  maximum  grade. 

DRAINAQE. 

Mr.  Isaac  B.  Potter,  an  eminent  authority  uix>n  roads,  says: 

Dirty  water  and  watery  dirt  make  bad  going,  and  mud  is  the  greatest  obstacle  to 
the  travel  and  traffic  of  the  farmer.    Mad  is  a  mixtore  of  dirt  and  water.    The  diri 
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is  always  to  be  found  in  the  roadway,  and  the  water,  which  oomee  in  rain,  snow,  and 
frost,  softens  it;  horses  and  wagons  and  narrow- wheel  tires  knead  it  and  mix  it, 
and  it  soon  gets  into  so  bad  a  condition  that  a  fairly  loaded  wagon  can  not  be  hanled 
through  it. 

We  can  not  prevent  the  coming  of  this  water,  and  it  only  remains  for  ns  to  get  rid 
of  it,  which  can  be  speedily  done  if  we  go  abont  it  in  the  right  way.  Very  few  people 
know  how  great  an  amonnt  of  water  falls  npoii  a  country  road,  and  it  may  surprise 
some  of  ns  to  be  told  that  on  each  mile  of  an  ordinary  country  highway  3  rods 
wide  within  the  United  States  there  falls  each  year  an  average  of  27,000  tons  of 
water.  In  the  ordinary  country  dirt  road  the  water  seems  to  stick  and  stay  as  if 
there  was  no  other  place  for  it,  and  this  is  only  because  we  have  never  given  it  a  fair 
opportunity  to  run  out  of  the  dirt  and  find  its  level  in  other  places.  We  can  not 
make  a  hard  road  out  of  soft  mud,  and  no  amount  of  labor  and  machinery  will  make 
a  good  dirt  road  that  will  stay  good  unless  some  plan  is  adopted  to  get  rid  of  the 
surplus  water.  (Fig.  4.)  Water  is  a  heavy,  limpid  fluid,  hard  to  confine  and  easy  to 
let  loose.  It  is  always  seeking  for  a  chance  to  run  down  a  hill;  always  trying  to 
find  its  lowest  level. 

An  essential  featore  of  a  good  road  is  good  drainage  and  the  prin- 
ciples of  good  drainage  remain  substantially  the  same,  whether  the 


Fig.  i.'  -Snrplas  water  lying  in  coaniry  rood  after  a  heavy  sbower,  indicating  lack  of  proper  methods 
^  of  drainage  (drawn  fyom  photograph). 

road  be  constructed  of  earth,  gravel,  shells,  stones,  or  asphalt.  The 
first  demand  of  good  drainage  is  to  attend  to  the  shape  of  road  surface. 
This  must  be  "crowned,^  or  rounded  up  toward  the  center,  so  that 
there  may  be  a  fall  from  the  center  to  the  sides,  thus  compelling  the 
water  to  tiow  rapidly  from  the  surface  into  the  gutters  which  should  be 
constructed  on  one  or  both  sides,  and  from  there  in  turn  be  discharged 
into  larger  and  more  open  channels.  Furthermore,  it  is  necessary  that 
no  water  be  allowed  to  flow  across  a  roadway;  culverts,  tile,  stone,  or 
box  drains  should  be  provided  for  that  purpose. 

In  addition  to  being  well  covered  and  drained,  the  surface  should  be 
kept  as  smcx^th  as  i^ossible,  that  is,  free  from  ruts,  wheel  tracks,  holes, 
or  hollows.  If  any  of  these  exist,  instead  of  being  thrown  to  the  side 
the  water  is  held  back  and  is  either  evai)orated  by  the  sun  or  absorbed 
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t^  the  material  of  which  the  road  is  constracted.  In  the  latter  case 
the  material  loses  its  solidity,  softens  and  yields  to  the  impact  of  the 
horses'  feet  and  the  wheels  of  vehicles,  and,  like  the  water  x>onred  upon 
a  grindstone,  so  the  watei  poured  on  a  road  surface  which  is  not  prop- 
erly drained  assists  the  grinding  action  of  the  wheels  in  rutting  or 
completely  destroying  the  surface.  When  water  is  allowed  to  stand  on 
a  road  the  holes  and  ruts  rapidly  increa^>e  in  number  and  size;  wagon 
after  wagon  sinks  deeper  and  deeper,  until  the  road  finally  becomes 
utterly  bad  (fig.  5),  and  sometimes  impassable,  as  frequently  found  in 
many  parts  of  the  country  during  the  winter  season. 

Boad  drainage  is  just  as  essential  to  a  good  road  as.farm  drainage  is 
to  a  good  farm.  In  fact,  the  two  go  hand  in  hand,  and  the  better  the 
one  the  better  the  other,  and  vice  versa.    There  are  thousands  of  miles 


1?^ 


1}  la.  5.— Scene  in  country  town  in  the  Spring  of  1892  (drawn  fh>m  pbotogrmp/*, 

of  pnblic  roads  in  the  United  States  which  are  practically  impassable 
during  some  iK)rtion  of  the  year  on  account  of  bad  drainage,  while  for 
the  same  reason  thousands  of  acres  of  the  richest  meadow  and  swamp 
lands  lie  idle  from  year  in  to  year  out. 

Surface  Drainage — The  wearing  surface  of  a  road  must  be  in  effect  a 
roof;  that  is,  the  section  in  the  middle  should  be  the  highest  part  and 
the  traveled  roadway  should  be  made  as  impervious  to  water  as  pos- 
sible, so  that  it  will  flow  freely  and  quickly  into  the  gutters  or  ditches 
alongside  (fig.  C).  The  best  shape  for  the  cross  section  of  a  road  has 
been  found  to  be  either  a  flat  ellipse  or  one  made  up  of  two  plane  sur- 
faces sloping  uniformly  from  the  middle  to  the  sides  and  joined  in  the 
center  by  a  small,  circular  curve.  Either  of  these  sections  may  be  used, 
provided  it  is  not  too  flat  in  the  middle  for  good  drainage  or  too  steep 
at  the  gutters  for  safety.  The  steepness  of  the  slope  from  the  center 
to  the  sides  should  depend  upon  the  nature  of  the  surface,  being  greater 
or  less  according  to  its  roughness  or  smoothness.  This  slope  ought  to 
be  greatest  on  earth  roads,  perhaps  as  much  in  some  cases  as  1  foot  m 
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20  feet  after  the  sorfoce  has  been  thoroughly  roUed  or  compacted  by 
traffic.  This  varies  from  about  1  in  20  to  1  in  30  on  a  macadam  road  to 
1  in  40  or  1  in  60  on  the  varioos  classes  of  pavements  and  for  asphalt 
sometimes  as  low  as  1  in  80. 

Where  the  road  is  constmcted  on  a  grade  or  hill  the  slope  ftom  the 
center  to  the  sides  should  be  slightly  steeper  than  that  on  the 
level  road.  The  best  cross  section  for  roads  on  grades  is  the  one 
made  np  from  two  plane  surfaces  sloping  uniformly  from  the  center 
to  the  sides.  This  is  done  so  as  to  avoid  the  danger  of  overturning 
near  the  side  ditches,  which  would  necessarily  be  increased  if  the 
elliptical  form  were  used.  The  slope  from  the  center  to  the  sides  must 
be  steep  enough  to  lead  the  water  into  the  side  ditches  instead  of 
allowing  it  to  run  down  the  middle  of  the  road.  Every  wheel  track  on 
an  inclined  roadway  becomes  a  channel  for  carrying  down  the  water. 


Fio.  6.— Cross  secUons  of  two  good  forms  for  earth  roads.  The  lower  section  can  be  made  with  a 
road  machine  and  both  sections  can  be  roUed  and  constroeted  so  that  water  will  ran  oflf  easily  and 
quickly. 

and  unless  the  curvature  is  sufficient  these  tracks  are  quickly  deepened 
into  water  courses  which  cut  into  and  sometimes  destroy  the  best 
improved  road. 

"WATER  BREAKS. 

In  order  to  prevent  the  wash!  ng  out  of  earth  roads  on  hills  it  sometimes 
becomes  necessary  to  construct  water  breaks;  that  is,  broad  shallow 
ditches  arranged  so  as  to  catch  the  sur&ce  water  and  carry  it  each 
way  into  the  side  ditches.  Such  ditches  retard  traffic  to  a  certain 
extent,  and  often  result  in  overturning  vehicles;  consequently  they 
should  never  be  used  until  all  other  means  have  failed  to  cause  the 
water  to  flow  into  the  side  channels;  neither  should  they  be  allowed 
to  cross  the  entire  width  of  the  road  diagonally,  but  should  be  con- 
structed in  the  shape  of  the  letter  V.  This  arrangement  i>ermits 
teams  following  the  middle  of  the  road  to  cross  the  ditch  squarely  and 
thus  avoid  the  danger  of  overturning.  These  ditches  should  not  be 
deeper  than  are  absolutely  necessary  to  throw  the  water  off  the  sur- 
fEice,  and  the  part  in  the  center  should  be  the  shallowest. 

XTiifortunately  farmers  and  road  masters  have  a  fixed  idea  that  the 
one  way  to  prevent  hills,  long  and  short,  from  washing  is  to  heap  upon 
them  quantities  of  tnose  original  tumular  obstructions  known  indiffer- 
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ently  as   ^Hhank-yoa-ma'amSy''  ^^  breaks,^  or  ^<  hammocks,''  and  the 
number  they  can  squeeze  in  upon  a  single  hill  is  positively  astonishing. 

8IDB  DITCHB8. 

Quoting  Mr.  Isaac  B.  Potter — 

Side  ditches  are  necessary  because  the  thousands  of  tons  of  water  which  Ikll  npon 
every  mile  of  country  road  each  year,  in  the  form  of  rain  or  snow,  should  be  carried 
away  to  some  neighboring  creek  or  other  water  channel  as 
fast  as  the  rain  falls  and  the  snow  melts,  so  as  to  prevent 
its  forming  mad  and  destroying  the  surface  of  the  road. 
When  the  ground  is  fh>zen  and  a  heavy  rain  or  sudden 
thaw  occurs  the  side  diteh  is  the  only  means  of  getting 
rid  of  the  surface  water,  for  no  mfitter  how  sandy  or 
porous  the  soil  may  be»  when  filled  with  frost  it  is  prac- 
tically water  tight,  and  the  water  which  falls  or  forms 
on  the  surface  must  either  remain  there  or  be  carried 
away  by  sur&ce  ditdhes  at  the  sides  of  the  road. 

A  side  ditch  should  have  a  gradually  falling  and  even 
g^rade  at  the  bottom,  and  broad,  flaring  sides  to  prevent 
the  caving  in  of  Its  banks.    It  can  be  easily  cleared  of 


Flo.  7.— Roadolde  ditch  dng 
by  erosion. 


snoWy  weeds,  and  rubbish;  the  water  will  run  into  it 


easily  fh)m  each  side,  and  it  is  not  dangerous  to  wagons 
and  foot  travelers.    It  is,  therefore,  a  much  better  ditoh 

than  the  one  shown  in  fig.  7,  which  represents  the  kind  of  ditch  very  often  dog  along 

the  country  roadside. 

Where  the  road  is  built  on  a  grade  some  provision  should  be  made 
to  prevent  the  wash  of  the  gutters  into  great,  deep  gullies,  such  as  is 
seen  in  fig.  7.  This  can  be  done  by  paving  the  bottom  and  sides  of  the 
gutters  with  brick,  river  rocks,  or  field  stone.  In  order  to  make  the 
flow  in  such  side 
ditches  as  small  as 
possible  it  is  advis- 
able to  construct  out- 
lets into  the  a4jacent 
fields  or  to  lay  under- 
ground pipes  or  tile 
drains  with  openings 
into  the  ditches  at 
firequent  intervals. 

The  size  of  side 
ditches  should  de- 
I>end  upon  the  char- 
acter of  the  soil  and  the  amount  of  water  they  are  expected  to  carry, 
if  possible  they  should  be  located  3  feet  from  the  edge  of  the  traveled 
roadway,  so  that  if  the  latter  is  14  feet  wide  there  will  be  20  feet  of 
clear  space  between  ditches. 

To  make  a  ditch  with  even,  flaring  sides  (fig.  8),  so  as  to  produce  a  neat 
job,  it  is  good  policy  to  use  a  rough  gauge,  like  that  shown  in  fig.  8.    The 


Fia.8.— Proper  fonnof  sarfaceditob,  showf  ng  manner  of  constmction. 
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gaoge  is  made  of  light  strips  of  wood  aboat  3  inches  in  width  and  1 
inch  thick.  The  upright  strip  should  bo  about  4  feet  long  and  the  hori- 
zon tnl  strip  should  be  IS  iuches  in  length,  measured  from  the  left  side 
of  the  upright  piece  to  the  {mnt  of  the  gauge  on  the  extreme  right. 
The  top  of  the  horizontal  strip  should  be  1  foot  from  the  bottom  poiut 
of  the  gauge.  This  gauge  should  be  provided  with  a  plumb  and  line, 
and  by  nieaus  of  the  upright  strip  is  held  vertical  while  the  slope  is 
made  to  correspond  with  the  edges  of  the  diagonal  strip. 

The  bottom  of  the  ditch  may  vary  in  width  from  3  to  12  inches,  or 
even  more,  as  may  be  found  necessary  in  order  to  carry  the  largest 
amount  of  water  which  is  expected  to  How  throngh  it  at  any  one  time. 
Sometimes  tbe  only  ditches  necessary  to  carry  off  the  surface  water  are 
those  made  by  the  use  of  the  road  machines  or  road  graders.  The 
blade  of  the  machine  may  be  set  at  any  desired  angle,  and  when  drawn 
along  by  horses  cuts  into  the  burface  and  moves  the  earth  from  the  sides 
toward  the  center,  forming  gutters  alongside  and  distributing  the  earth 
uniformly  over  the  traveled  way  (fig.  23).  Such  gutters  are  liable  to 
become  clogged  by  brush,  weeds,  and  other  debris,  or  destroyed  by 
passing  wngons,  and  it  is  therefore  better,  when  the  space  permits,  to 
have  the  side  ditches  above  referred  to,  even  if  the  road  be  built  with 
a  road  machine. 

SUBDRAINAaB. 

In  order  to  have  a  good  road  it  is  just  as  necessary  that  water  should 
aot  be  allowed  to  attack  the  substructure  from  below  as  that  it  should 
not  be  permitted  to  percolate  through  it  from  above.  Especially  is  the 
former  provision  essential  in  cold  climates,  where,  if  water  is  allowed 
to  remain  in  the  substructure  the  whole  roadway  is  liable  to  become 
broken  up  and  destroyed  by  frost  and  the  wheels  of  vehicles.  There- 
fore, where  the  road  runs  through  low  wet  lands  or  over  certain  kinds 
of  clayey  soils  surface  drainage  is  not  all  that  is  necessary.  Common 
side  drains  catch  surface  water  and  surface  water  only.  Isaac  Potter 
says: 

Many  miles  of  road  are  on  low,  flat  lands  and  on  springy  soils,  and  thonsands  of 
miles  of  prairie  roads  are,  for  many  weeks  in  the  year,  laid  on  a  wet  subsoil.  In  all 
such  cases,  and,  indeed,  in  every  case  where  the  natnre  of  the  ground  is  not  snch 
as  to  insure  quick  drainage,  the  road  may  be  vastly  benefited  by  under  drainage. 
An  under  drain  clears  the  soil  of  surplus  water,  dries  it,  warms  it,  and  makes  impos- 
sible the  formation  of  deep,  heavy,  frozen  crusts,  which  are  found  in  every  undralned 
road  when  the  severe  winter  weather  follows  the  heavy  fall  rains.  This  frost  causes 
nine-tenths  of  the  difficulties  of  travel  m  the  time  of  sudden  or  long-continued  thaws. 

Koads  constructed  over  wet  undraiued  lands  are  always  difficult  to  manage  and 
expensive  to  maintain,  and  they  are  liable  to  be  broken  up  in  wet  weather  or  after 
frosts.  It  will  be  much  cheaper  in  the  long  run  to  go  to  the  expense  of  making  the 
drainage  of  the  subjacent  soil  and  substructure  as  perfect  as  possible.  There  is 
scarcely  an  earth  road  in  the  United  States  which  can  not  be  so  improved  by  surface 
or-snbdrainage  as  to  yield  benefits  to  the  farmers  a  hundred  times  greater  in  value 
than  the  cost  of  the  drains  themselves. 
18518— No.  «6 2 
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Under  diaiiis  are  not  expensiye.  On  the  oontrmry,  they  are  cheap  and  easily  made, 
and  if  made  in  a  bnbatantial  way  and  according  to  the  mles  of  common  sense  a  good 
under  drain  will  last  for  ages.  Use  the  best  tools  and  materials  yon  can  get  (figs.  9 
and  10) ;  employ  them  as  well  as  yon  know  how,  and  wait  resnlt  with  a  clear  con- 
science.   Slim  fagots  of  wood  bound  together  and  laid  lengthwise  at  the  bottom  of  a 

carefully  graded  drain  Jitch  will  an- 

.^     swer  fairly  well  if  stone  or  drain  tilA 

can  not  be  had,  and  will  be  of  infinite 
benefit  to  a  dirt  road 
laid  on  springy  soils. 


Fig.  O.—HJles's  drainage  aooop  toe  preparing  bottom 
of  dttoh  for  the  tOe  dralna. 


Snbdrains  should 
be  carefiilly  graded 
with  a  level  (fig.  11)  at  the  bottom  to  a  depth  of  about  4  feet, 
and  should  have  a  continaoas  fall  throughoat  their  entire 
length  of  at  least  6  inches  for  each  100  feet  in  length.  If 
tile  drains  (fig.  12)  can  not  be  had,  large,  flat  stones  may  be 
carefolly  placed  so  as  to  form  a  clear,  open  passage  at  the 
bottom  for  the  flow  of  the  water  (fig.  13).  The  ditch  shoold 
then  be  half  filled  with  rough  field  stones,  and  on  these  a 
layer  of  smaller  stones  or  gravel  and  a  layer  of  sod,  hay^ 
gravely  cinders,  or  straw,  or,  if  none  of  these  can  be  had, 
of  soiL    If  field  stones  or  drain  tile  can  not  be  procured, 

satisfactory  results  may 
be  attained  by  the  use  of 
logs  and  brush,  as  seen  in 
fig.  14. 

If  there  be  springs  in 
the  son  which  might  de- 
stroy the  stability  of  the 
road,  they  should,  if  pos- 
sible, be  tapped  and  the 
water  carried  under  or  J^  w«*^ 
along  the  side  until  it 
can  be  turned  away  into  some  side 
channeL  Such  drains  may  be  made 
of  bundles  of  brush  (fig.  15),  field  stones 
(fig.  IG),  brick  (fig.  17),  or  drain  tiles. 
They  should  be  so  protected  by  straw, 
sod,  or  brush  as  to  prevent  the  soil  from  washing  in  and  clogging  them. 


Fin.  11.— Hanis*8  gnde  lere]  which  can  be 
naed  by  any  fanner  or  road  bailder  in 
eetabliahing  gradea  for  roadways  or  in 
eonatmctlng  anrfaoe  draiua  or  aubdraina 
for  roads  or  fkma. 


DIFFEEEHT  KIHDS  OF  BOAD& 

Host  of  the  roads  in  this  country  are  of  necessity  constructed  of 
earth,  whQe  in  a  few  of  the  richer  and  more  enterprising  communities 
the  most  important  thoroughfares  are  surfaced  with  gravel,  shell, 
stones,  or  other  materials.  Unless  some  new  system  for  the  improve- 
ment of  public  roads  is  adopted,  the  inability  of  rural  communities  to 
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raise  fiiDds  for  this  pari)08e  wOI  necessarily  cause  the  constraction  of 

hard  roads  to  be  very  gradual  for  some  time  to  come.    Until  this  new 

system  is  adopted  the  most  important  problem  will 

be  that  of  making  the  most  of  the  roads  which 

exist,  rather 
than  building 
,  new  ones  of 
specially  pre- 
pared m  a  t  e  - 
rials.  The  nat- 
ural   materials 

and  the  funds  

already    avail-    fio.  12— subdnin   con. 

able      must     be         ^traeUA  wJth  dntn  tile 

used  with  skill 

pio.  i3.-subdr.iii  made  with  field  .tones.      ^^^  judgment  iu  ordcr  to  sccure  the 

best  results.     The  location,  grades, 
and  drainage  having  been  treated  in  the  preceding  pages,  the  next 
and  most  important  consideration  is  that  of  con- 
structing and  improving  the  various  kinds  of  roads. 

EARTH  ROADS. 

Of  earth  roads,  as  commonly  built,  it  suffices  to 
say  that  their  present  conditions  should  not  be  tole- 
rated iu  communities  where  there  are  any  other 
materials  with  which  to  improve  them.  Earth  is  the 
poorest  of  all  road  materials,  aside  from  sand,  and  — 

earth  roads  require  more  attention  than  any  other       fio.  i4.-subdndn 
kind  of  roads,  and  as  a  rule  get  less.    At  best,  they  con.tnioted    ©  r 

possess  so  many  defects  that  they  should  have  all  oTwood.    *^** 

the  attention  and  care  of  which  their  condition  is 
susceptible.    With  earth  alone,  however,  a  very  passable  road  can  be 
made,  provided  the  principles  of  location,  drainage,  and  shape  of  sur- 


Fio.  15.— Subdrain   ni.de  of  Fio.  16.— Subdrain    in.de  of  Fio.  17.-Snbdrain   made   of 

bundles  of  brusb  for  con-  field  stone   for  conveying  bricks  for  conveying  spring 

veying  spring  w.ter  under  spring  water  under  oridong-  water  under  or  .longside  of 

or  idongside  roads.  side  of  roads.  roads. 

face,  together  with  that  of  keeping  the  surface  as  smooth  and  tirm  as 
possible  by  rolling,  be  strictly  adhered  to.    In  fact  a  good  earth  road 
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18  second  to  none  for  summer  travel  and  superior  to  many  of  the  so- 
called  macadam  or  stone  roads. 

Drainage. — "  Water  is  the  great  road  destroyer,"  and  too  much  atten- 
tion can  not  be  given  to  the  surface  and  subdrainage  of  earth  roads 


Fig.  18.— Crobs  section  of  a  14-foot  i-oad  sbowing  the  result  of  improper  construction  and  drainage. 
Note  tfaat  the  center  of  the  road  has  become  the  lowest  part  and  that  water  may  collect  on  the 
surface,  making  the  road  practically  impassable. 

(fig.  18).  The  material  of  which  their  surfaces  are  comi>osed  is  more 
susceptible  to  the  action  of  water  and  more  easily  destroyed  by  it  than 
any  other  highway  material.  Drainage  alone  will  often  change  a  bad 
road  into  a  good  one,  while  on  the  other  hand  the  best  road  may  be 
destroyed  by  the  absence  of  good  drains. 
Boiling. — The  same  can  be  said  of  rolling,  which  is  a  very  important 

matter  in  attempting  to  build  or  main- 
tain a  satisfactory  earth  road.  If 
loose  earth  is  dumped  into  the  middle 
of  the  road  and  consolidated  by  traf- 
fic, the   action    of  the    narrow-tired 

Fio.lD.-Sectionoflooseunr«lledcarthroHd.      ^hcels  CUtS  it  Or  rolls  it  iuto  UUCVeU 

ruts  and  ridges,  which  hold  water,  and 
ultimately  results,  if  in  the  winter  season,  in  a  sticky,  muddy  surface, 
or  if  it  be  in  dry  weather,  iii  covering  th^  surface  with  several  inches 
of  dust.    If,  however,  the  surface  be  prepared  with  a  road  machine  and 
properly  rolled  with  a  heavy  roller,  it  can  usually  be  made  suflficiently 
firm  and  smooth  to  sustain  the  traffic  without  rutting,  and  resist  the 
penetrating  action  of  the  water.     Every  roa<l  is  made  smoother,  harder, 
and  better  by  rolling  (figs.  19  and  20). 
Such  rolling  should  be  done  in  damp 
weather,  or  if  that  is  not  possible, 
the  surface  should   be  sprinkled   if 
the  character  of  the   soil   requires 
such  aid  for  its  proper  consolidation. 
Constraction. — In  constructing  new 

..  ji         11     J.  v         1.  FiQ.  20.— Section  of  compact,  smooth  earth 

earth  roads  all  stumps,  brush,  vege-  ^^  ,„^,  ,^,id  ^/„^  ^^  ^u,,. 

table    matter,   rocks,  and   bowlders 

should  be  removed  from  the  surface  and  the  resulting  holes  tilled  in 
with  suitable  material,  carefully  and  thoroughly  tamped  or  rolled, 
before  the  road  embankment  is  commenced.  No  perishable  material 
should  be  used  in  forming  the  permanent  embankments.  Where  pos- 
sible the  longitudinal  grade  should  be  kept  down  to  1  foot  in  30  feet, 
and  should  under  no  circumstances  exceed  1  in  20,  while  that  from 
center  to  sides  should  be  maintained  at  1  foot  in  20  feet. 
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Wherever  the  snb^rade  soil  is  foand  unsnltable  it  shoald  be  removed 
and  replaced  with  good  material  rolled  to  a  bearing,  i.  e.,  so  as  to 
be  smooth  and  compact.  The  roadbed  having  been  brought  to  the 
required  grade  and  crown,  shoald  be  rolled  several  times  to  compact 
the  surface.  All  inequalities  discovered  during  the  rolling  should  be 
leveled  u]>  and  rerolled.  On  the  prepared  subgrade  the  earth  should 
be  spread,  harrowed  it  necessary,  and  then  rolled  <o  a  bearing  bypass- 
ing the  unballasted  road  roller  a  number  of  times  over  every  portion  of 
the  surface  of  the  section. 

In  level  countries  and  with  narrow  roads,  enough  material  may  be 
excavated  to  raise  the  roadway  above  the  subgrade  in  forming  the  side 
ditches  by  means  of  road  machines.    If  not,  the  required  earth  should 
be  obtained  by  widening  the  side  excavations,  or  from  cuttings  on  the 
line  of  the  new  roadway,  or  from  pits  close  by,  elevating  graders  and 
modern  dumping  or  spreading  wagons  being  preferably  used  for  this 
purpose.    When  the  earth  is  brought  up  to  the  final  height,  it  is  again 
harrowed,  then  trimmed  by  means  of  road  levelers  or  road  mactiines, 
and  ultimately  rolled  to  a  solid 
and   smooth    surface    with    road 
rollers    gradually    increased     in 
weight  by  the  addition  of  ballast. 

No  filling  should  be  brought  up 
in  layers  exceeding  9  inches  in 
depth.  During  the  rolling,  sprin- 
kling should  be  attended  to  wher- 
ever   the     character     of    the     soil      ^'o.  21  —Rossell  steam  road  roller  built  In  aU 

requires  sach  aid.  The  cross  seo  r^lT^  w.:X'tSrMSer •• '"""'" 
tion  of  the  roadway  must  be  main- 
tained during  the  last  rolling  stage  by  Ihe  addition  of  earth  as  needed. 
On  clay  soils  a  layer  of  sand,  gravel,  or  ashes  spread  on  the  roadway 
will  prevent  the  sticking  of  the  clay  to  the  roller.  As  previously 
explained,  the  finishing  touches  to  the  road  surface  should  be  given  by 
a  heavy  roller.    (Fig.  21.) 

Before  the  earth  road  is  opened  to  traffic,  deep  and  wide  side  ditches, 
like  that  seen  in  fig.  8,  should  be  constructed,  with  a  fall  throughout 
their  entire  length  of  at  least  1  in  120.  They  should  be  cleaned  and 
left  with  the  drain  tiling  connections,  if  any,  in  good  working  order. 

Clay  soils,  as  a  rule,  absorb  water  quite  freely  and  soften  when  satu- 
rated, but  water  does  not  readily  pass  through  them;  hence  they  are 
not  easily  subdrained.  When  used  alone,  clay  is  the  least  desirable  of 
all  road  materials,  but  roads  constructed  over  clay  soils  may  be  treated 
with  sand  or  small  gravel,  from  which  a  comparatively  hard  and  com- 
pact mass  is  formed  which  is  nearly  impervious  to  water.  Material  of 
this  character  found  in  the  natural  state,  commonly  known  as  hardpan, 
makes,  when  proi;)erly  applied,  a  very  solid  and  durable  surface.  In 
sou  comx>oBed  of  a  mixture  of  sand,  gravel,  and  clay  all  that  is  neces 
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sary  to  make  a  good  road  of  its  kind  is  to  ^^ crown"  the  surface,  keep 
the  ruts  and  hollows  filled,  and  the  ditches  open  and  free. 

Filling  the  ruts. — Beads  are  prone  to  wear  in  ruts,  and  when  hollows 
and  ruts  begin  to  make  their  appearance  on  the  surface  of  an  earth 
road,  great  care  should  be  used  in  selecting  new  material  with  which 
they  should  be  immediately  filled,  because  a  hole  which  could  have  been 
filled  at  first  with  a  shovel  full  of  material  would  soon  need  a  cart  full. 
It  should,  if  possible,  be  of  a  gravelly  nature,  entirely  free  from  vege- 
table earth,  muck,  or  mold.  Sod  or  turf  should  not  be  placed  on  the 
surface,  neither  should  the  surface  be  renewed  by  throwing  upon  it  the 
womout  material  from  the  gutters  alongside.    This  last  ioJunctioD,  if 


Fig.  22.— Champion  road  machine  at  work  on  an  earth  road. 

rightly  observed  and  the  proper  remedy  applied,  would  doubtless  put 
an  end  to  the  deplorable  condition  of  thousands  of  miles  of  earth  roads 
in  the  United  States. 

A  roadmaker  should  not  go  to  the  other  extreme  and  fill  up  ruts  and 
holes  with  stone  or  large  gravel.  In  many  cases  it  would  be  wiser  to 
dump  such  material  in  the  river.  These  stones  do  not  wear  uniformly 
with  the  rest  of  the  material,  but  produce  bumps  and  ridges,  and  in 
nearly  every  case  result  in  imiking  two  holes  instead  of  one.  Every 
hole  or  rut  in  a  roadway,  if  not  tamped  full  of  some  good  material  like 
that  of  which  the  road  is  constructed,  will  become  filled  with  water,  and 
finally  with  mud  and  water,  and  will  be  dug  deeper  and  wider  by  each 
passing  vehicle. 

The  work  of  maintaining  earth  roads  will  be  much  increased  by  lack 
of  care  in  properly  finishing  the  work.    The  labor  and  money  spent  in 
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rolliDg  a  newly  made  road  may  save  many  times  that  amonnt  of  labor 
and  money  in  making  fUtnre  repairs.  After  the  material  has  been 
placed  it  sboold  not  be  left  for  the  traffic  to  consolidate  or  for  the  rains 
to  wash  off  into  the  ditches,  bnt  should  be  carefally  formed  and  sur- 
faced, and  then,  if  possible,  rolled.  The  rolling  not  only  consolidates 
the  material,  bnt  puts  the  roadbed  in  proper  shape  for  travel  immedi- 
ately. If  there  is  anything  more  trying  on  man  or  beast  than  to  travel 
over  an  unimproved  road,  it  must  be  to  travel  over  one  which  has  just 


Fio.  23.—  Cbampion  road  machine  preparing  earth  road. 

been  '^worked"  by  the  antiquated  methods  now  in  vogue  in  many  of 
the  States. 

Bepain  by  road  machines. — ^The  traveled  way  should  never  be  repaired 
by  the  use  of  plows  or  scoops.  The  plow  breaks  up  the  compact  sur- 
face which  age  and  traffic  has  made  tolerable.  Earth  roads  can  be 
rapidly  repaired  by  a  judicious  use  of  road  machines  (figs.  22  and  23) 
and  road  rollers.  The  road  machine  places  the  material  where  it  is 
most  needed,  and  the  roller  (fig.  24)  compacts  and  keeps  it  there.  The 
labor-saving  machinery  now  manufactured  for  road  building  is  just  as 
effectual  and  necessary  as  the  modern  mower,  self-binder,  and  thrasher. 
Road  graders  and  rollers  are  the  modern  inventions  necessary  to  per- 
manent and  economical  construction.  Two  men  with  two  teams  can 
build  more  road  in  one  day  with  a  grader  and  roller  than  fifty  men  can 
with  picks  and  shovels,  and  do  it  more  uniformly  and  more  thoroughly. 
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Use  of  wide  tires. — Doubtless  the  best  way  to  keep  an  earth  road,  or 
any  road,  for  that  matter,  in  repair  is  by  the  use  of  wide  tires  (fig.  25) 
on  all  wagons  carrying  heavy  hardens.  Water  and  narrow  tires  aid 
each  other  in  destroying  streets,  macadam,  gravel,  and  earth  roads. 

Narrow  tires  are  also 
among  the  most  de- 
structive agents  to 
the  fields,  pastures, 
and  meadows  of 
farms,  while  on  the 
other  hand  wide 
tires  are  road- 
makers;  they  roll 
and  harden  the  sur- 
face,   and    every 

FiQ.  24.— CbampioD  reversible  road  roller,  to  be  drawn  by  homes,  aud      If^r^AaA      mra  «ymi      I^a 
built  In  four  different  weights,  2|,  3J,  4|,  and  5^  tons.  lOaueu      wagOl  I      OC- 

comes  in  effect  a 
road  roller.  Nothing  so  much  tends  to  the  improving  of  a  road  as  the 
continued  rolling  of  its  surface. 

Tests  recently  made  at  the  experiment  stations  in  Utah  and  Missouri 
show  that  wide  tires  not  only  improve  the  sur- 
face of  roads  but  that  under  ordinary  circum- 
stances less  power  is  required  to  pull  a  wagon 

on  which  wide  tires  are 

used.    The  introduction 

in  recent  years  of  a  wide 

metallic    tire    (fig.   2G), 

which  can  be  placed  on 

any  narrow-tired  wheel 

at  tbe  cost  of  $2  each, 

has  removed  one  very 

serious  objection  to  the 

proix)sed  substitution  of 

broad  tires  for  the  nar- 
row ones  now  in  use. 
Time  to  repair  roads. — 

Eepairs  on  earth  roads    ^  „,    ^^  .  «.  ^  _^     „  ^ 

,    *^,,     ,  _        ,     ,     ,         Fia.26.— Tbe**Blchardson"ad- 

should     be    attended    to  jasUble  wide  tire. 

particularly     in     the 
Pio.26.— The  "Richardson"    spring  of  the  year,  but  the  great  mistake  of  let- 
^lei'tf  faiTwlyn""^  "    ^iug  all  the  repairs  go  until  that  time  should  not 

be  made.  The  great  want  of  the  country  road 
is  daily  care,  and  the  sooner  we  do  away  with  tlie  system  of  "working 
out"  our  road  taxes,  and  pay  such  taxes  in  money,  the  sooner  will  it  be 
possible  to  build  improved  roads  and  to  hire  experts  to  keep  them 
constantly  in  good  repair.    Beads  could  then  secure  attention  when 
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49iicb  attention  is  moat  needed.  If  tbey  are  repaired  only  annually  or 
semiannually  they  are  seldom  in  good  condition,  but  when  they  are 
given  daily  or  weekly  care  they  are  most  always  in  good  condition,  and, 
moreover,  the  second  method  costs  far  less  than  the  first.  A  portion 
of  all  levy  tax  money  raised  for  road  purposes  should  be  used  in  buying 
improved  road  machinery,  and  in  constructing  each  year  a  few  miles  of 
improved  stone  or  gravel  roads. 

SAND  ROADa 

The  only  exceptions  to  the  instructions  given  on  road  drainage  is 
found  in  the  attempt  to  improve  a  »and  road.  The  more  one  improves 
the  drainage  of  a  sand  road  the  more  deplorable  becomes  its  condition. 
Nothing  will  ruin  one  quicker  than  to  dig  a  ditch  on  each  side  and 
drain  all  the  water  away.  The  best  way  to  make  such  a  road  firm  is 
to  keep  it  constantly  damp.  Very  bushy  or  shady  trees  alongside  such 
roads  prevent  the  evaporation  of  water. 

The  usual  way  of  mending  roads  which  run  over  loose  sandy  soils 
is  to  cover  the  surface  with  tough  clay  or  mix  the  clay  and  sand 
together.  This  is  quite  an  expensive  treatment  if  the  clay  has  to  be 
transported  a  great  distance,  but  the  expense  may  be  reduced  by 
improving  only  8  or  10  feet  or  half  of  the  roadway. 

ROADS  OF  SAWDUST,  TANBARK,  ETC. 

Any  strong,  fibrous  substance,  and  especially  one  which  holds  moist- 
ure, such  as  the  refuse  of  sugar  cane  or  sorghum,  and  even  common 
straw,  fiax,  or  swamp  grass  will  be  useful.  Spent  tan  is  of  some  serv- 
ice, and  wood  fiber  in  any  form  is  excellent.  The  best  is  the  fibrous 
sawdust  made  in  sawing  shingles  by  those  machines  which  cut  length- 
wise of  the  fiber  into  the  side  of  the  block.  Sawdust  is  first  spread  on 
the  road  from  8  to  10  inches  deep,  and  this  is  covered  with  sand  to  pro- 
tect the  road  against  fire  lighted  from  pipes  or  cigars  carelessly  thrown 
or  emptied  on  the  roadbed.  The  sand  also  keeps  the  sawdust  damp. 
The  dust  and  sand  soon  become  hard  and  packed,  and  the  wheels  of 
the  heaviest  wagons  make  but  little  impression  upon  the  surface.  The 
roadbed  appears  to  be  almost  as  solid  as  a  plank  road,  but  is  much 
easier  for  the  teams.  The  road  prepared  in  this  manner  will  remain 
good  for  four  or  five  years  and  will  then  require  renewing  in  some  parts. 
The  ordinary  lumber  sawdust  would  not  be  so  good,  of  course,  bat  if 
mixed  with  planer  sha\ings  might  serve  fairly  well. 

C0RDUR07  ROADS. 

Roads  built  of  )K>les  or  logs  laid  across  the  roadway  are  called  cordu- 
roy roads,  because  of  their  corrugated  or  ribbed  appearance.  Like 
earth  roads,  they  should  never  be  built  where  it  is  possible  to  secure 
any  other  good  material,  but,  as  is  frequently  the  case  in  swampy, 
timbered  regions,  other  material  is  unavi^ble,  and  as  the  road  would 
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be  abBolately  impassable  without  tbem  at  certain  seasons  of  tbe  year, 
it  is  well  to  know  how  to  make  them.  Beads  of  this  charaeter  should 
be  15  or  16  feet  wide,  so  as  to  enable  wagons  to  pass  each  other.  Logs 
are  superior  to  poles  for  this  purpose  and  should  be  used  if  possible. 
The  followiDg  in  regard  to  the  construction  of  corduroy  roads  is  from 
Gilmore^s  Roads,  Streets,  and  Pavements: 

The  logs  aro  all  cnt  the  same  leng^th,  which  shonld  be  that  of  the  reqaired  width 
of  the  road,  and  in  laying  them  down  snch  care  in  selection  should  be  exercised  as 
will  give  the  smallest  Joints  or  openings  between  them.  In  order  to  reduce  as  mncb 
as  possible  the  resistance  to  draft  and  the  violence  of  the  repeated  shocks  to  which 
vehicles  are  subjected  upon  these  roads,  and  also  to  render  its  surface  practicable  for 
draft  animals,  it  is  customary  to  level  up  between  tbe  logs  with  smaller  pieces  of 
the  same  length  but  split  to  a  triangular  cross-section.  These  are  inserted  with 
edges  downward  in  the  open  Joints,  so  as  to  bring  their  sur^Euse  even  with  the  upper 
sides  of  the  large  logs,  or  as  nearly  so  as  practicable. 

Upon  the  bed  thus  prepared  a  layer  of  brush  wood  is  put,  with  a  few  inches  in 
thickness,  with  soil  or  turf  on  top  to  keep  it  in  place.  This  completes  tbe  road.  The 
logs  are  laid  directly  upon  the  natural  surface  of  the  soil,  those  of  the  same  or  nearly 
of  the  same  diameter  being  kept  together,  and  the  top  covering  of  soil  is  excavated 
fh)m  side  ditches. 

Cross  drains  may  usually  be  omitted  in  roads  of  this  kind,  as  the  openings  between 
the  logs,  even  when  laid  with  utmost  care,  will  furnish  more  than  ample  waterway 
for  drainage  fVom  the  ditch  on  the  upper  to  that  on  the  lower  side  of  the  road. 
When  tbe  passage  of  a  creek  of  considerable  volume  is  to  be  provided  for,  and  in 
localities  subject  to  fteshets,  cross-drains  or  culverts  are  made  wherever  necessary 
by  the  omission  of  two  or  more  logs,  the  openings  being  bridged  with  planks,  split 
rails,  or  poles  laid  transversely  to  the  axis  of  the  road  and  resting  on  orofls  beams 
notched  into  the  logs  on  either  side. 

HARD  ROADa 

The  essential  requirement  of  a  good  road  is  that  it  should  be  firm  and 
unyielding  at  all  times  and  in  all  kinds  of  weather,  so  that  its  surface 
may  be  smooth  and  impervious  to  water.  Earth  roads  at  best  fulfill 
none  of  these  requirements,  unless  they  be  covered  with  some  artificial 
material. 

On  a  well-made  gravel  road  one  horse  can  draw  twice  as  large  a  load 
as  he  can  on  a  well-made  earth  road.  On  a  hard  smooth  stone  road 
one  horse  can  pull  as  much  as  four  horses  will  on  a  good  earth  road» 
(Fig.  27.) 

If  larger  loads  can  be  hauled  and  better  time  made  on  good  hard 
roads  than  on  good  earth  ones,  the  area  and  the  number  of  people  bene- 
fited is  increased  in  direct  proportion  to  the  improvement  of  their  sur- 
face. Moreover,  it  is  evident  that  a  farm  4  or  5  miles  from  the  market 
or  shipping  point  located  on  or  near  a  hard  road  is  virtually  nearer  the 
market  than  one  situated  only  2  or  3  miles  away,  but  located  on  a  soft 
and  yielding  road.  Hard  roads  are  divided  here  into  three  classes — 
gravel,  shell,  and  stone,  and  then*  construction  is  treated  in  the  following 
pages. 
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ORAVEL  ROADS. 

Although  it  is  impiacticable,  and  in  many  cases  impossible,  for  com- 
munities to  build  good  stone  roads^  a  surface  of  gravel  may  frequently 
be  used  to  advantage,  giving  far  better  results  than  could  be  attained 
by  the  use  of  earth  alone.  Where  beds  of  good  gravel  are  available 
this  is  the  simplest,  cheapest,  and  most  effective  method  of  improving 
country  roads. 

Seaside  and  river  graveL — In  connection  with  the  building  and  main 
tenance  of  gravel  roads  the  most  important  matter  to  consider  is  that 
of  selecting  the  proper  material.  A  small  proportion  of  argillaceous 
sand,  clayey,  or  earthy  matter  contained  in  some  gravel  enables  it  to 
pack  readily  and  consolidate  under  traffic  or  the  road  roller.  Seaside 
and  river  gravel,  which  is  composed  usually  of  rounded,  waterworn 
pebbles,  is  unfit  for  surfacing  roads.  The  small  stones  of  which  they 
are  comi>osed  having  no  angular  projections  or  sharp  edges,  easily 
move  or  slide  against  each  other  and  will  not  bind  together,  and  even 
when  mixed  with  clay  may  turn  freely,  causing  the  whole  surface  to 
be  loose,  like  materials  in  a  shaken  sieve. 

Inferior  qualities  of  gravel  caii;  sometimes  be  used  for  foundations; 
but  where  it  becomes  necessa-ry  to  employ  such  material  even  for 
that  purpose  it  Is  well  to  mix  just  enough  sandy  or  clayey  loam  to 
bind  it  firmly  together.  For  the  wearing  surface  or  the  top  layer 
the  pebbles  should,  if  possible,  be  comparatively  clean,  hard,  angu- 
lar, and  tough,  so  that  tliey  will  readily  consolidate,  and  will  not  be 
easily  pulverized  by  the  impact  of  traffic  into  dust  and  mud.  They 
should  be  coarse,  varying  in  size  from  half  an  inch  to  an  inch  and  one- 
half. 

Bine  gravel  and  bank  gravel — ^Where  blue  gravel  or  hardpan  and 
clean  bank  gravel  are  procurable,  a  good  road  maybe  made  by  mixing 
the  two  together.  Pit  gravel  or  gravel  dug  from  the  earth  as  a  rule 
contains  too  much  earthy  matter.  This  Kay,  however,  be  removed  by 
sifting.  For  this  purpose  two  sieves  are  necessary,  through  which  the 
gravel  should  be  thrown.  The  meshes  of  one  sieve  should  be  one  and 
one-half  or  two  inches  in  diameter,  while  the  meshes  of  the  other  should 
be  three-fourths  of  an  inch.  All  pebbles  which  will  not  go  through  the 
one  and  one  half  inch  meshe^s  should  be  rejected  or  broken  so  that  they 
will  go  through.  All  material  which  sifts  through  the  three-fourths 
inch  meshes  should  be  rejected  for  the  road,  but  may  be  used  in  mak- 
ing side  paths.  The  excellent  road  which  can  be  built  from  materials 
prepared  in  this  way  is  so  far  superior  to  the  one  made  of  the  natural 
clayey  material  that  the  expense  and  trouble  of  sifting  is  many  times 
repaid. 

The  best  gravel  for  road  building  stands  perpendicular  in  the  bank ; 
that  is,  when  the  pit  has  been  opened  up  the  remainder  stands  compact 
and  firm  and  can  not  be  dislodged  except  by  use  of  the  pick,  and  when 
it  gives  way  falls  in  great  chunks  or  solid  masses.    Such  materia* 
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asnally  contains  tough  angular  gravel  with  just  enough  cementing  prop- 
erties to  enable  it  to  readily  pack  and  consolidate,  and  requires  no 
further  treatment  than  to  place  it  properly  on  the  prepared  roadbed. 

Gravel  on  earth  roads. — Some  earth  roads  may  be  greatly  imiiroved 
by  covering  the  surface  with  a  layer  of  3  or  4  inches  of  gravel,  and 
sometimes  even  a  thinner  layer  may  prove  of  very  great  benefit  if  kept 
in  proper  repair.  The  subsoil  of  such  roadway  ought,  however,  to  be 
well  drained,  or  of  a  light  and  porous  nature.  Boads  constructed  over 
clay  soils  lequire  a  layer  of  at  least  G  inches  of  gi*avel.  The  gravel 
must  be  deep  enough  to  prevent  the  weight  of  traffic  forcing  the  surface 
material  into  weak  places  in  the  clay  beneath,  and  also  to  prevent  the 
surface  water  from  percolating  through  and  softening  the  clay  and  caus- 
ing the  whole  roadway  to  be  torn  up. 

Owing  to  a  lack  of  knowledge  regarding  construction,  indifference, 
or  carelessness  in  buildiug  or  improving,  roads  made  of  gravel  are  often 
very  much  worse  than  they  ought  to  be.  Some  of  them  are  made  by 
simply  dumping  the  material  into  ruts,  mud  holes,  or  gutter  like  depres- 
sions, or  on  unimproved  foundation,  and  are  left  thus  for  traffic  to  con- 
solidate; while  others  are  made  by  covering  the  surface  with  inferior 
material  without  any  attention  being  paid  to  the  fundamental  principles 
of  drainage.  As  a  result  of  such  thoughtless  and  haphazard  methods 
the  road  usually  becomes  rougher  and  mtnte  completely  covered  with 
holes  than  before. 

Grade  and  width  of  gravel  roads. — In  constructing  a  gravel  road  the 
roadbed  should  first  be  brought  to  the  proper  grade.  Ordinarily  an 
excavation  is  then  made  to  the  depth  of  8  or  10  inches,  varying  in 
width  with  the  requirements  of  traffic  For  a  farm  or  farming  commu- 
nity the  width  need  not  be  greater  than  10  or  12  feet.  A  roadway 
which  is  too  wide  is  not  only  useless,  but  the  extra  width  is  a  positive 
damage.  Any  width  beyond  that  needed  for  the  traffic  is  not  only  a 
waste  of  money  in  constructing  the  road,  but  is  the  cause  of  a  never- 
ending  expense  in  maintaining  it  The  surface  of  the  roadbed  should 
preferably  have  a  fall  from  the  center  to  the  sides  the  same  as  that  to 
be  given  the  finished  road,  and  should,  if  possible,  be  thoroughly  rolled 
and  consolidated  until  perfectly  smooth  and  firm. 

A  layer,  not  thicker  than  4  inches,  of  good  gravel,  such  as  that  rec 
ommended  above,  should  then  be  spreaa  evenly  over  the  pre))ared  road- 
bed. Such  material  is  usually  carried  upon  a  road  in  wheelbarrows  or 
dumpcarts,  and  then  spread  in  even  layers  with  rakes,  but  the  latest 
and  best  device  for  this  purpose  is  a  spreading  cart  (fig.  36). 

Boiling  the  road. — If  a  roller  can  not  be  had,  the  road  is  thrown  open 
to  traffic  until  it  becomes  fairly  well  consolidated;  but  it  is  impossible  to 
properly  consolidate  materials  by  the  movement  of  vehicles  over  the 
road,  and  if  this  means  is  pursued  constant  watchfulness  is  necessary 
to  prevent  unequal  wear  and  to  keep  the  surface  smooth  and  free  from 
ruts.    Tkie  work  may  be  hastened  and  facilitated  by  the  use  of  a  horse 
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roller  (fig.  28)  or  light  steam  roller  (fig.  29);  and  of  oonrse  fiur  befete 
results  can  be  accomplished  by  this  means.  If  the  gravel  be  too  dry  to 
consolidate  easily  it  shonld  be  kept  moist  by  sprinkling.  It  sbonld  not, 
however,  be  made  too  wet,  as  any  earthy  or  clayey  matter  in  the  gravel 
is  liable  to  be  dissolved. 

As  soon  as  the  first  layer  has  been  properly  consolidated  a  second, 
third  and,  if  necessary,  fourth  layer,  each  3  or  4  inches  in  thickness, 

is  spread  on  and  treated  in  the 
same  manner,  until  the  road  is  bailt 
np  to  the  required  thickness  and 
cross  section.  The  thickness  in 
most  oases  need  not  be  greater  than 
10  or  12  inches,  and  the  fall  from 
the  center  to  the  sides  ought  not 
to  be  greater  than  1  foot  in  20  feet, 
or  less  than  1  in  25. 
-u   «-   m^    .    ^  ,..   .  The  last  or  surfiace  layer  should  be 

Fio.28.— The  Austin  reTeraible  hone  roller,  „    ,         ^,   ^t  •_      /       i»    ^  -i 

providedwithn>llerbearing.tollgbtendr1t.      "^"^   ^"^*  *^^    ^*»^>8    <>'    ^^^^^ 

•Dd  weight  putee  for  increneing  weight         loaded  vehiclcs  passiug  ovcr  it  make 

no  visible  impression.  If  the  top 
layer  is  deficient  in  binding  material  and  will  not  properly  consolidate, 
a  thin  layer,  not  exceeding  one  inch  in  thickness,  of  sand  or  gravelly 
loam  or  clay  should  be  evenly  spread  on  and  slightly  sprinkled  if  in  dry 
weather,  before  the  rolling  is  begun.  Hardpan  or  stone  screenings  are 
much  preferred  for  this  purpose  if  they  can  be  had. 

The  tendency  of  the  material  to  spread  under  the  roller  and  work 
toward  the  sides  can  be  resisted 
by  rolling  that  portion  nearest  the 
gutters  first.  To  give  the  surface 
the  required  form  and  to  secure  uni- 
form density,  it  is  necessary  at 
times  to  employ  men  with  rakes  to 
fill  any  depressions  which  may  form. 

Xaintenanoe. — In  order  to  main- 
tain a  gravel  road  in  good  condi- 
tion, it  is  well    to    keep  piles   of 

gravel  (flg.30)  alongside atfrequent  p„.«._i^„.,..^^„„.,.b„ott».n 
intervals,  so  that  the  person  who  ^i^ 

repairs  the  road  can   get  the  ma- 
terial without  going  too  far  for  it.    As  soon  as  ruts  or  holes  appear  on 
the  surface  some  of  this  good  fresh  material  should  be  added  and 
tamped  into  position  or  kept  raked  smooth  until  properly  consolidated. 

If  the  surface  needs  replenishing  or  rounding  np,  as  is  frequently  the 
case  with  new  roads  after  considerable  wear,  the  material  should  be 
applied  in  sections  or  patches,  raked  and  rolled  until  hard  and  smooth* 

Care  must  be  taken  that  the  water  fiom  higher  places  does  not  drain 
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onto  or  run  across  the  road.    The  side  ditches,  culverts,  and  drains 
should  be  kept  open  and  firee  from  debris. 

SHBU.  ROADS. 

In  many  of  the  Eastern  and  Southern  States  road  stones  do  not  exist; 
neither  is  it  i>ossibIe  to  secure  good  coarse  gravel.  No  such  material 
can  be  secured  except  at  such  an  expense  for  freight  as  to  practically 
preclude  its  use  for  road  building.  Oyster  shells  can  be  secured  cheaply 
in  most  of  these  States,  and  when  applied  directly  upon  sand  or  sandy 
soil,  8  or  10  inches  in  thickness,  they  form  excellent  roads  for  pleasure 
driving  and  light  trafBc  Shells  wear  much  more  rapidly  than  broken 
stone  or  gravel  of  good  quality,  and  consequently  roads  made  of  them 
require  more  constant  attention  to  keep  them  in  good  order.  In  most 
cases  they  should  have  an  entirely  new  snrfiftce  every  three  or  four 


Fio.80.— Koad  in  France  between  Fontainebleaa  and  Sens,  lllaatrfttlng  method  of  placing  stone  and 
gravel  for  repaving  and  resarfacing,  and  the  planting  of  treea  at  a  safe  distance  from  the  roadside. 

years.  When  properly  maintained  they  possess  many  of  the  qualities 
found  in  good  stone  or  gravel  roads,  and  so  far  as  beauty  is  concerned 
they  can  not  be  surpassed. 

8TONXI  ROADa 

The  greatest  obstacles  to  good  stone  road  construction  in  most  places 
in  the  United  States  are  the  existing  methods  of  building  and  systems 
of  management,  whereby  millions  of  dollars  are  annually  wasted  in 
improper  construction  or  in  making  trifling  repairs  on  temporary 
structures. 

The  practice  of  using  too  soft,  too  brittle,  or  rotten  material  on  roads 
can  not  be  too  severely  condemned.  Some  people  seem  to  think  that  if 
a  stone  quarries  easily,  breaks  easily,  and  packs  readily,  it  is  the  very 
best  stone  for  road  building.    This  practice,  together  witii  that  of  plao- 
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ing  the  material  on  unimproved  foandations  and  leaving  it  thus  for 
traffic  to  consolidate^  has  done  a  great  deal  to  destroy  the  confidence 
of  many  i>eople  in  stone  roads.  There  is  no  reason  in  the  world  why 
a  road  shou  d  not  last  for  ages  if  it  is  built  of  good  material  and  kept 
in  proper  repair.  If  this  is  not  done  the  money  spent  is  more  than 
wasted.  It  is  more  economical^  as  a  rule,  to  bring  good  materials  a 
long  distance  by  rail  or  water  than  to  employ  inferior  ones  procured 
close  at  hand. 

The  durability  of  roads  dei>ends  largely  upon  the  power  of  thf,  mate- 
rials of  which  they  are  composed  to  resist  those  natural  and  artificial 
forces  which  are  constantly  acting  to  destroy  them.  The  fragments  of 
which  they  are  constructed  are  liable  to  be  attacked  uj  cold  climates  by 
frosty  and  in  all  climates  by  water  and  wind.  If  composed  of  stone  or 
gravel  the  particles  are  constantly  grinding  against  *each  other  and  bein^ 
exposed  to  the  impact  of  the  tires  of  vehicles  and  the  feet  of  animals. 
Atmospheric  agencies  are  also  at  work  decomposing  and  disintegrating^ 
the  material.  It  is  obviously  necessary,  therefore,  that  great  care  be 
exercised  in  selecting  for  the  surfacing  of  roads  those  stones  which  are 
less  liable  to  be  destroyed  or  decomposed  by  these  physical,  dynamical,, 
and  chemical  forces. 

VseM  stones  for  road  hnflding. — Siliceous  materials,  those  composed  of 
fiint  or  quartz,  although  hard,  are  brittle  and  deficient  in  toughness. 
Granite  is  not  desirable  because  it  is  composed  of  three  materials  of 
different  natures,  viz:  quartz,  feldspar,  and  niica,  the  first  of  which  is 
brittle,  the  second  liable  to  decompose  rapidly,  and  the  third  laminable 
or  of  a  scaly  or  layerlike  nature.  Some  granites  which  contain  horn- 
blende instead  of  feldspar  are  desirable.  The  darker  the  variety  the 
better.  Gneiss,  which  is  composed  of  quartz,  feldspar,  and  mica,  more 
or  less  distinctly  slaty,  is  inferior  to  granite.  Mica-slate  stones  are 
altogether  ut^eless.  The  argillaceous  slates  or  clayey  slates  make  a 
smooth  surface,  but  one  which  is  easily  destroyed  when  wet  The 
sandstones  are  utterly  useless  for  road  building.  The  tougher  lime- 
stones are  very  good,  bnt  the  softer  ones,  though  they  biud  and  make 
a  smooth  surface  very  quickly,  are  too  weak  for  heavy  loads;  tliey  wear, 
wash,  and  blow  away  very  rapidly. 

The  materials  employed  for  surfacing  roads  should  be  both  hard  and 
tough,  and  should  possess  by  all  means  cementing  and  recementing 
qualities.  For  the  Southern  States,  where  there  are  no  frosts  to  con- 
tend with,  the  best  qualities  of  limestone  are  conside]*ed  quite  satisfac- 
tory so  far  as  the  cementing  aud  recementing  qualities  are  concerned,  but 
in  most  cases  roads  built  of  this  class  of  material  do  not  stand  the  wear 
and  tear  of  traffic  like  those  built  of  trap  rock,  and  when  exposed  to 
the  severe  northern  winters  such  material  disintegrates  very  rapidly. 
In  fact,  trap  rock,  ^<  nigger  heads,''  technically  known  as  diabase,  and 
diorites,  are  considered  by  most  road  engineers  of  long  experience  to 
be  the  very  best  stones  for  road  building.    Trap  rocks  as  a  rule  posseas 
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all  the  qualities  most  desired  for  road  stones.  They  are  hard  and  tough, 
and  when  proi>er]y  broken  to  small  sizes  and  rolled  thoroughly,  cement 
and  consolidate  into  a  smooth,  hard  crust  which  is  impervious  to  water, 
and  the  broken  particles  are  so  heavy  that  they  are  not  readily  blown 
or  washed  away. 

Unfortunately  the  most  useful  stones  for  road  building  are  the  most 
difficult  to  prepare,  and  as  trap  rocks  are  harder  to  break  than  any 
other  stones  they  usually  cost  more.  The  foundation  or  lower  courses 
may  be  formed  of  some  of  the  softer  stones,  like  gneiss  or  limestone, 
but  trap  rock  should  be  used  for  the  wearing  surface,  if  possible,  even 
if  it  has  to  be  brought  from  a  distance. 

As  to  construction  of  macadam  roads,  Mr.  Potter  says: 

In  the  constraction  of  a  macadam  road  in  any  given  locality,  the  qnestion  of 
economy  generally  compels  ns  to  nee  a  material  found  near  at  hand,  and  where  a 


Fig.  31.— Complete  Climax  crushing  plaut  iu  operation  at  Towanda,  Pa. 

local  quarry  does  not  exist  field  stone  and  stone  gathered  from  the  hods  of  rivers 
and  small  streams  may  often  be  made  to  serve  every  purpose.  Many  of  the  stones 
and  boulders  thus  obtained  are  of  trap  rock,  and  in  general  it  may  be  said  that  all 
hard  field  and  river  stones,  if  broken  to  a  proper  size,  will  make  fairly  good  and 
sometimes  very  excellent  road  metal.  No  elaborate  test  is  required  to  determine  the 
hardness  of  any  given  specimen.  A  steel  hammer  in  the  hands  of  an  intelligent 
workman  will  reveal  in  a  general  way  the  relative  degree  of  toughness  of  two  or 
more  pieces  of  rock.  Field  and  river  stone  offer  an  additional  advantage  in  that 
they  are  quickly  handled,  are  generally  of  convenient  size,  and  are  more  readily 
broken  either  by  hand  or  by  machine  than  most  varieties  of  rock  which  are  qnarried 
in  the  usual  way. 

18518— No.  95 3 
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It  is  a  simple  task  to  break  stone  for  macadam  roadways,  and  by  the  aid  of  mod- 
em inventions  it  can  be  done  cheaply  and  qnlckly.  Hand-broken  stone  is  fairly  oat 
of  date  and  is  rarely  used  in  America  where  any  considerable  amonnt  of  work  is  to 
be  ondertaken.    Stone  may  be  broken  by  hand  at  different  points  along  the  roadside 


Fig.  32. — Stationary  orushlDg  plant.    Elevator,  screen,  and  bonkers  complete. 

where  repairs  are  needed  from  time  to  time,  but  the  extra  cost  of  production  by  this 
method  forbids  its  being  carried  on  where  extended  work  is  undertaken.  Hand- 
broken  stone  is  generally  more  uniform  in  size,  more  nearly  cubical  in  shape,  and 


Fio.  33.— Semistationary  crushing  plant    Elevators,  screen,  and  bunkers  complete. 

has  sharper  angles  than  that  broken  by  machinery,  but  the  latter,  when  properly 
assorted  or  screened,  has  been  found  to  meet  every  requirement. 
Stone  orashen. — A  good  crusher  (fig.  31)  driven  by  eight  horsepower  will  turn  out 
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(h>m  forty  to  eighty  cabio  yards  of  2-inch  stone  i>er  day  of  ten  hoars,  and  will  cost 
from  $400  upward,  according  to  quality. 

Some  crushers  are  made  either  stationary  (see  fig.  32),  semi-stationary  (fig.  33),  or 
portable  (fig.  34),  aooording  to  the  needs  of  the  purchaser,  and  for  country-road 
work  it  is  sometimes  yery  desirable  to  have  a  portable  crusher  to  facilitate  its  easy 
transfer  from  one  part  of  the  town  to  another.  The  same  portable  engine  that  is 
used  in  thrashing,  sawing  wood,  and  other  operations  requiring  the  use  of  steam 


Flu.  34.~Port«ble  cnishiug  plant.    Elevator,  screen,  and  bunkers  complete. 

power  may  be  used  in  running  a  stone  crusher,  but  it  is  best  to  remember  that  a 
crusher  will  do  its  best  and  most  economical  work  when  run  by  a  machine  having  a 
horsepower  somewhat  in  excess  of  the  power  actually  required. 

Sereening  the  stone. — ^As  the  stoue  comes  from  the  breaker  the  pieces  will  be  found 
to  show  a  considerable  variety  in  size,  and  by  many  practical  roadmakers  it  is 
regarded  as  best  that  these  sizes  should  be  assorted  and  separated,  since  each  has  its 
particular  use.    To  do  this  work  by  hand  would  be  troublesome  and  expensive  and 


Fio.  85 — Stationary  Champion  rook  crasher,  showing  apparatus  for  separating  stone  into  proper  sizee. 

screens  are  generally  employed  for  that  purpose.  Screeus  are  not  absolutely  neces- 
sary, and  many  roadmakers  do  not  use  them;  but  they  insure  uniformity  in  size  of 
pieces,  and  uniformity  means  in  many  cases  superior  wear,  smoothness,  and  economy. 
Most  of  the  screens  in  common  use  to-day  are  of  the  rotary  kind.  In  operating, 
they  are  generally  so  arranged  that  the  product  of  the  crusher  falls  directly  into  the 
rotary  screen,  which  revolves  on  an  inclined  axis  and  empties  the  separate  pieces 
into  small  bins  below  the  crusher.    A  better  form  (fig.  35)  for  many  puri>oses  includes 
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a  larger  and  more  elaborate  outfit,  in  wliich  the  Btone  is  carried  by  an  elevator  to 
the  screen  and  by  the  screen  emptied  into  separate  bins  (figs.  32, 33,  and  34)  according 
to  the  respective  sizes.    From  the  bins  it  is  easily  loaded  into  wagons  or  spreading 
carts  (fig.  36)  and  hauled  to  any  desired  point  along  the  line  of  the  road. 
The  size  to  which  stone  should  be  broken  depends  upon  the  quality  of  the  stone. 


Fio.  88.— duunpion  distribntlDg  oart  in  operation. 

the^amonnt  of  traffic  to  which  the  road  will  be  subjected,  and  to  some  extent  upon 
the  manner  in  which  the  stone  is  put  in  place.  If  a  hard  tough  stone  is  employed  it 
may  be  broken  into  rough  cubes  or  pieces  of  about  1^  inches  in  largest  face  dimen- 
sions, and  when  broken  to  such  a  size  the 
product  of  the  crusher  may  generally  be 
used  to  good  advantage  without  the  trouble 
of  screening,  since  dust  **  tailings"  and  fine 
stuff  do  not  accumulate  in  large  quantities 
in  the  breaking  of  the  tougher  stone. 

If  only  moderate  traffic  is  to  be  provided 
for  the  harder  limestones  may  be  broken  so 
the  pieces  will  pass  through  a  2-inch  ring, 
though  sizes  running  from  2^  to  2^  inches 
will  insure  a  more  durable  roadway,  and  if 
a  steam  roller  is  used  in  compacting  the 
metal  it  will  be  brought  to  a  smooth  sur- 
face without  much  trouble.  As  a  rule  it 
may  be  said  that  to  adhere  closely  to  a 
size  running  from  2^  to  2^  inches  in  largest 
face  dimensions,  and  to  use  care  in  exclud- 
ing too  large  a  proportion  of  small  stuff  as 
well  as  all  pieces  of  excessive  size,  will 
FiQ.  87.-JOI111  L.  Macadam.  ^^^^^  »  satisfactory  and  durable  macadam 

road. 

Macadam  insisted  that  no  large  stone  shoald  ever  be  employed  in 
road  making,  and,  indeed,  most  modern  road  builders  practice  his  prin- 
ciple that  ^^  small  angular  fragments  are  the  cardinal  requirements." 
As  a  general  rule  it  has  been  stated  that  no  stone  larger  than  a  walnut 
should  be  used  for  the  surfacing  of  roads. 
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The  macadam  and  telford  methods. — Stone  roads  are  built  in  most  cases 
according  to  the  principles  laid  down  by  John  L.  Macadam  (fig.  37), 
while  some  are  built  by  the  methods  advocated  by  Telford.  The  most 
important  difiference  between  these  two  principles  of  construction  relates 
to  the  propriety  or  necessity  of  a  paved  foundation  beneath  the  crust 
of  broken  stone.  Telford  advocated  this  principle,  while  Macadam 
strongly  denied  its  advantages. 

In  building  roads  very  few  iron-dad  rules  can  be  laid  down  for  uni- 
versal application^  skill  and  judgment  must  be  exercised  in  designing 


Fio.  88.— GroM  aeotion  of  maoadam  road  showing  a  oomi>act  foondatioii  of  earth  snpporting  a  aolld  and 

durable  stone  surface. 

and  building  each  road  so  that  it  will  best  meet  the  requirements  of  the 
place  it  is  to  occupy.  The  relative  value  of  the  telford  and  macadam 
systems  can  most  always  be  determined  by  the  local  circumstances^ 
conditions,  and  necessities  under  which  the  road  is  to  be  built  The 
former  system  seems  to  have  the  advantage  in  swampy,  wet  places^  or 
where  the  soil  is  in  strata  varying  in  hardness,  or  where  the  foundation 
is  liable  to  get  soft  in  spots.  Under  most  other  circumstances  exi>eri' 
enced  road  builders  prefer  the  macadam  construction,  not  only  because 
it  is  considered  best,  but  also  because  it  is  much  cheaper. 

Macadam  constmction. — ^The  macadam  road  (fig.  38)  consists  of  a  mass 
of  angular  fragments  of  rock  deposited  usually  in  layers  upon  the  road- 
bed or  prepared  foundation  and 
consolidated  to  a  smooth,  hard 
surface  produced  by  the  passage 
of  vehicles  or  by  use  of  a  road 
roller  (fig.  39).    The  thickness  of 
this  crust  varies  with  the  soil, 
the  nature  of  the  stone  used,  and 
the  amount  of  traffic  which  the 
road    is   expected   to   have.    It 
should    be    so    thick    that    the 
greatest  load  will  not  affect  the    fi«.  39.-bu1)Wo  putoj^^^ 
foundation.    The  weight  usually 

comes  upon  a  very  small  part  of  the  surface,  but  is  spread  over  a  large 
area  of  the  foundation,  and  the  thicker  the  crust  the  more  uniformly 
will  the  load  be  distributed  over  the  foundation. 

Macadam  earnestly  advocated  the  principle  that  all  artificial  road 
building  depended  wholly  for  its  success  upon  the  making  and  main- 
taining of  a  solid  dry  foundation  and  the  covering  of  this  Ibundation 
with  a  durable  waterproof  coating  or  roof  of  broken  stone.  The 
foundation  must  be  solid  and  firmj  if  it  be  otherwise  the  crust  is  use- 
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less,  A  road  builder  should  always  remember  that  without  a  durable 
foundation  there  is  no  durable  road.  Hundreds  of  miles  of  macadam 
roads  are  built  in  the  United  States  each  year  on  unimproved  or 

unstable  foundations 
and  almost  as  many 
miles  go  to  pieces  for 
this  same  reason.  Says 
Macadam : 

Tho  stone  is  employe<l  to 

form    a    secure,    smooth, 

water-tight    flooring,    over 

rio.iO.--CroM  section  ofmacadara  road  showing  result  of  placing      which    vehicles    may     pass 

stone  on  loose  or  wet  earth  foundation.  with  safety  and  expedition 

at  all  seasons  of  the  year. 
Its  thickness  should  be  regulated  only  by  the  quality  of  the  material  necessary  to  form 
such  a  flooring  and  not  at  all  by  any  consideration  as  to  its  own  iudependent  power 
of  bearing  weight.  *  *  *  The  erroneous  idea  that  the  evils  of  an  underdralned, 
wet,  clayey  soil  can  be  remedied  by  a  large  quantity  of  materials  has  caused  a  large 
part  of  the  costly  and  unsuccessful  expenditures  in  making  stone  roads. 

Application  of  the  material. — The  evils  from  improper  construction  of 
stone  roads  are  even  greater  than  those  resulting  from  the  use  of 


Fio.  41.— Bad  condition  of  road  renulting  from  attempt  at  macailam  constmction  with  large  and 
small  broken  stone.    Large  stones  have  worked  out  to  the  surface  (drawn  fh>m  photograph). 

improper  material.  Macadam  never  intende<l  that  a  heterogeneous 
conglomeration  of  stones  and  mud  (fig.  40)  should  be  called  a  macadam 
road.  The  mistake  is  often  made  of  depositing  broken  stone  on  an 
old  road  without  first  preparing  a  suitable  foundation.    The  result,  in 
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most  cases,  is  that  the  dirt  and  mad  prevent  the  stone  from  packing 
and  by  the  action  of  traffic  ooze  to  the  sorface,  while  the  stones  sink 
deeper  and  deeper,  leaving  the  road  as  bad  as  before. 

Another  great  mistake  is  often  made  of  spreading  large  and  small 
stones  over  a  well-graded  and  well-drained  foundation  and  leaving 


Fie.  42.~BxoaTating  aud  preparing  roadbed  for  macadam  surface  (drawn  firom  photograph) 

them  thus  for  traffic  to  consolidate.  (See  fig.  41.)  The  sarface  of  a 
road  left  in  this  manner  is  often  kept  in  constant  turmoil  by  the  larger 
stones,  which  work  themselves  to  the  sarface  and  are  knocked  hither 
and  thither  by  the  wheels  of  vehicles  and  the  feet  of  animals.  These 
plans  of  constraction  can  not  be  too  severely  condemned. 

The  roadbed  (fig.  42)  shoald  be  first  graded,  then  carefally  snrface- 
drained.  The  earth 
shoald  then  be  excavated 
to  the  depth  to  which  mate- 
rial is  to  be  spread  on,  and  ' 
the  foundation  properly 
shaped  and  sloped  each 
way  from  the  center  so  as 
to   discharire    any    water 

^  ^  *^  Fio.  48.~Fir8t  course  of  atone  on  a  macadam  road  as  it 

which     may     percolate  appears  when  apiead  ready  for  rolling. 

through.    This  curvature 

should  conform  to  the  curvature  of  the  finished  road.  A  shouldering  of 
firm  earth  or  gravel  should  be  left  or  made  on  each  side  to  hold  the 
material  in  place,  and  should  extend  to  the  gutters  at  the  same  curva- 
ture as  the  finished  road.  The  ioundation  should  then  be  rolled  until 
hard  and  smooth. 
Upon  this  bed  spread  a  layer  of  5  or  6  inches  of  broken  stone,  which 
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stone  should  be  free  from  any  earthy  mixture.  This  layer  should  be 
thoroughly  rolled  until  compact  and  firm  (figs.  43,  44,  45).  Stone 
may  be  hauled  from  the  stone>crusher  bins  or  from  the  stone  piles  in 
ordinary  wheelbarrows  or  farm  wagons,  and  should  be  distributed 
broadcast  over  the  surface  with  shovels,  and  all  inequalities  leveled 
up  by  the  use  of  rakes.  If  this  method  of  spreading  is  employed,  grade 
stakes  should  be  used  so  as  to  insure  a  uniformity  of  thickness.  After 
the  stakes  are  driven  the  height  of  the  layer  is  marked  on  their  sides, 
and  if  thought  necessary  a  piece  of  stout  cord  is  stretched  from  stake 

to  stake,  showing  the  exact 

height  to  which  the  layer 

^  should  be  spread.    Spread- 

j  ing  carts  (fig.  36)  have  been 

1  recently    invented    which 

not  only  place  the   stone 
=   '  —  where  it  is  needed  without 

Fio.  44.— First  cootm  of  stone  on  »  macacUm  ro«d  whcci     xi.«     .,«^      ^i»     «v^— *i«     iv^* 
partially  loUed.  showing  how  the  roUerp^jks  it.  **^®     «»®     ^^     ShOVelS,    but 

spread  it  on  in  layers  of 
any  desired  thickness  and  at  the  same  time  several  inches  wider  than 
the  carts  themselves. 

If  the  stones  have  been  separated  into  two  or  three  different  sizes 
the  largest  size  should  compose  the  bottom  layer,  the  next  size  the 
second  layer,  etc.  The  surface  of  each  course  or  layer  should  be  thor- 
oughly and  repeatedly  rolled  and  sprinkled  until  it  becomes  firm, 
compact,  and  smooth.  The  first  layer,  however,  should  not  be  sprinkled 
as  the  water  is  liable  to  soften  the  foundation.  The  rolling  ought  to  be 
done  along  the  side  lines 
first,  gradually  working 
toward  the  center  as  the 
job  is  being  completed.  In 
rolling  the  last  course  it 
is  well  to  begin  by  rolling 

first     the     ShOUlderingS    or  no.  45.-Stone  on  a  macadam  road  firmly  wedged  and 

the  side  roads  if  such  exist.  packed  together.    Small  Btones,  gravel,  dirt,  or  sand  if 

A    coat  of   three-quarter  J^ixed  with  the  stone  or  spread  on  the  surfaoe^^^^ 

ja.    v^cvu  vr*    %,uM.vxj  ^uc«A  i/o*  ^^  prevent  its  being  thoroughly  wedged  and  packed. 

inch  stone  and  screenings, 

of  sufficient  thickness  to  make  a  smooth  and  uniform  surface,  should 
compose  the  last  course,  and,  like  the  other  layers,  should  be  rolled 
until  perfectly  firm  aud  smooth.  As  a  final  test  of  perfection,  a  small 
stone  placed  on  the  surface  will  be  crushed  before  being  driven  into 
the  material. 

If  none  of  the  stones  used  be  larger  than  will  pass  through  a  2-inch 
ring  they  can  be  spread  on  in  layers  as  above  described  without  sepa- 
rating them  by  screens.  Water  and  binding  material — stone  screenings 
or  good  packing  gravel — can  be  added  if  found  necessary  for  proper 
consolidation.    Earth  or  clay  should  never  be  used  for  a  binding  mate- 
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rial.  Enough  water  should  be  sprinkled  on  to  wash  in  and  fill  all  voids 
between  the  broken  stones  with  binding  material,  and  to  leave  snch 
material  damp  enough  to  insure  a  set. 

Boilers. — ^If  a  road  is  built  of  tongh,  hard  stone,  and  if  the  binding 
material  has  the  same  characteristics,  a  steam  roller  (fig.  39)  is  essential 
for  speedy  results.    A  horse  roller  (fig.  46)  may  be  used  to  good  advan- 
tage if  the  softer  varieties  of  stone  are  employed.    For  general  pur 
poses,  a  roller  weighing  from  8  to  12  tons  is  all  that  is  necessary. 
Heavier  weights  are  difficult  to  handle  upon  unimproved  sur&ces 
unless  they  be  constructed  like  the  one  shown  in  fig.  46,  the  weight 
of  which  can  be  increased  or  lightened  at  will  by  filling  the  drum  with 
water  or  drawing  the  water  out    This  roller  can  be  made  to  weigh  as 
much  as  8  tons  and,  like  several  other 
very  excellent  ones  now  on  the  mar- 
ket, is  provided  with  antifriction  roller 
beiurings,   which   lighten     the   draft 
considerably. 

BJTiding  materiaL — Every  stone  road, 
unless  properly  built  with  small 
stones  and  just  enough  binding  ma- 
terial   to   fill    the    voids,    presents   a     Fio.40.~Tbe  Addison  revenibleboneroaer, 

honeycombed  appearance.  In  feet,  SSBX^.lerl:?^^^^'"""^'' 
a  measure  containing  2  cubic  feet 

of  broken  stone  will  hold  in  addition  1  cubic  foot  of  water,  and  a  cubic 
yard  of  broken  macadam  will  weigh  just  about  one*half  as  much  as  a 
solid  cubic  yard  of  the  same  kind  of  stone.    Isaac  Potter  says: 

To  insare  a  soUd  roadway  and  to  fill  the  large  proportion  of  voids  or  intersticee 
between  the  different  pieces  of  broken  stone  some  finer  material  mnst  be  intro- 
dnced  into  the  stmctnre  of  the  roadway,  and  this  material  is  usually  caUed  a  binder, 
or  by  some  roadmakers  a  ''fiUer.'' 

There  used  to  be  much  contention  regarding  the  use  of  binding  material  in  the 
making  of  a  macadam  road,  bat  it  is  now  conceded  by  nearly  all  practical  and 
experienced  roadmakers,  both  in  Europe  and  America,  that  the  use  of  a  binding 
material  is  essential  to  the  proper  construction  of  a  good  macadam  road.  It  adds 
to  its  solidity,  insures  tightness  by  closing  all  of  the  spaces  l>etween  the  loose 
irregular  stones,  and  binds  together  the  macadam  cmst  in  a  way  that  gives  it  firm- 
ness, elasticity  and  durability. 

Binding  material  to  produce  the  best  results  should  be  equal  in 
hardness  and  toughness  with  the  road  stone;  the  best  results  are  there- 
fore obtained  by  using  screenings  or  spalls  ftom  the  broken  stone  used. 
Coarse  sand  or  gravel  can  sometimes  be  used  with  impunity  as  a 
binder,  but  the  wisdom  of  using  loam  or  clay  is  very  much  questioned. 
When  the  latter  material  is  used  for  a  binder  the  road  is  apt  to  become 
very  dusty  in  dry  weather,  and  sticky,  muddy,  and  rutty  in  wet 
weather. 

Telford  conBtmction. — ^The  character  of  the  foundation  should  nevet 
take  the  place  of  proper  drainage.    The  advisability  of  underground 
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or  sabdrainage  should  always  be  carefoUy  considered  where  the  road 
is  liable  to  be  attacked  from  beneath  by  water.  In.  most  cases  good 
snbdrains  will  so  dry  the  foundation  out  that  the  macadam  construc- 
tion can  be  resorted  to.  Sometimes,  however^  thorough  drainage  is 
difficult  or  doubtful,  and  in  such  cases  it  is  desirable  to  adopt  some 
heavy  construction  like  the  telford;  and  furtiiermore  the  difficulty  of 
procuring  perfectly  solid  and  reliable  roadbeds  in  many  places  is  often 
overcoms  by  the  use  of  this  system. 

In  making  a  telford  road  (fig.  47)  the  surface  for  the  foundation  is 
prepared  in  the  same  manner  as  for  a  macadam  road.  A  layer  of 
broken  stone  is  then  placed  on  the  roadbed  from  5  to  8  inches  in  depth, 
depending  upon  the  thickness  to  be  given  the  finished  road.  As  a  rule 
this  foundation  should  form  about  two-thirds  of  the  total  thickness 
of  the  material.  The  stone  used  for  the  first  layer  may  vary  in  thick- 
ness from  2  to  4  inches  and  in  length  from  8  to  12  inches.  The 
thickness  of  the  upper  edges  of  the  stones  should  not  exceed  4  inches. 
They  are  set  by  hand  on  their  broadest  edges  lengthwise  across  the 
road,  breaking  joints  as  much  as  possible.  All  projecting  points  are 
then  broken  off  and  the  interstices  or  cracks  filled  with  stone  chips. 


Fio.  47 — ^TraDayeree  section  of  telford  road  with  maoadam  sorfaoe. 

and  the  whole  structure  wedged  and  consolidated  into  a  solid  and 
complete  pavement.  Upon  this  pavement  layers  of  broken  stones  are 
spread  and  treated  in  the  same  way  as  for  a  macadam  road. 

Stone  road  maintenance. — Stone  roads  should  be  frequently  scraped, 
so  as  to  remove  all  dust  and  mud.  Kothing  destroys  a  stone  road 
quicker  than  dust  or  mud.  The  hand  method  of  scraping  with  a  hoe 
is  considered  best.  Ko  matter  how  carefully  ac^usted  the  machinery 
built  for  this  purpose  may  be,  it  is  liable  to  ravel  a  road  by  loosening 
some  of  the  stones.  The  gutters  and  surface  drains  should  be  kept 
open,  so  that  all  water  falling  upon  the  road  or  on  the  adjacent  ground 
may  promptly  flow  away.    Says  Spalding,  a  road  authority: 

If  the  road  metal  be  of  soft  material  which  wears  easily,  it  will  require  eonstant 
Bopervision  and  small  repairs  whenever  a  rat  or  depression  may  appear.  Material 
of  this  kind  binds  readily  with  new  material  that  may  be  added,  and  may  in  this 
manner  frequently  be  kept  in  good  condition  withoot  great  difficulty,  while  if  not 
attended  to  at  once  when  wear  begins  to  show  it  will  very  rapidly  increase,  to  the 
great  detriment  of  the  road.  In  making  repairs  by  this  method,  the  material  is 
commonly  placed  a  little  at  a  time  and  compacted  by  passing  vehicles.  The  mate- 
rial used  for  this  purpose  should  be  the  same  as  that  of  the  road  surface  and  not 
fine  material,  which  would  soon  reduce  to  powder  under  the  loads  which  come  upon 
it.  By  careful  attention  to  minute  repairs  in  this  manner  a  surface  may  be  kept  in 
good  condition  until  it  wears  so  thin  as  to  require  renewal. 

In  case  the  road  be  of  harder  material,  that  will  not  so  readily  combine  when  » 
thin  coating  is  added,  repairs  may  not  be  frequent,  as  the  sur£ftce  will  not  wear  so 
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rapidly  and  immediate  attention  is  not  so  important.  It  is  naoally  more  aatiafaotory 
in  this  case  to  make  more  extensive  repairs  at  one  time,  as  a  larger  quantity  of  mate- 
rial added  at  once  may  be  more  readily  compacted  to  a  uniform  sarface,  the  repairs 
taking  the  form  of  an  additional  layer  upon  the  road. 

Where  the  material  of  the  road  surface  is  very  hard  and  durable,  a  well-constructed 
road  may  wear  quite  evenly  and  require  hardly  any  attention,  beyond  ordinary 
small  repairs,  until  worn  out.  It  is  now  usually  considered  the  best  practice  to 
leave  such  a  road  to  itself  until  it  wears  very  thlu,  and  then  renew  it  by  an  entirely 
new  layer  of  broken  stone  placed  in  the  worn  surface  and  without  m  any  way 
disturbing  that  surface. 

If  a  thin  layer  only  of  material  is  to  be  added  at  one  time,  in  order  that  it  may 
unite  tirmly  with  the  upper  layer  of  the  road,  it  is  usually  necessary  to  break  the  bond 


Fio.  48.— Steam  roller  with  spikes  iu  wlicel  breaking  up  road  surface. 

of  the  surface  material  before  placing  the  new  layer,  either  by  picking  it  up  b>  hand 
or  by  a  steam  roller  with  short  spikes  in  its  surface  (fig.  48),  if  such  a  machine  is 
at  hand.  Care  should  be  taken  in  doing  this,  however,  that  only  the  surface  layer 
be  loosened,  and  that  the  solidity  of  the  body  of  the  road  be  not  disturbed,  as  might 
be  the  case  if  the  spikes  are  too  long. 

In  repairing  roads  the  time-honored  castom  of  waiting  until  the  road 
has  lost  its  shape  or  until  the  surface  has  become  filled  with  holes  or 
ruts  should  never  be  tolerated.  Much  good  material  is  wasted  by 
spreading  a  thick  coat  over  such  a  road  and  leaving  it  thus  for  passing 
vehicles  to  consolidate.  The  material  necessary  to  replace  defects  in  a 
road  should  be  added  when  the  necessities  arise  and  should  be  of  the 
best  quality  and  the  smallest  possible  quantity.    If  properly  laid  in 
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small  patches  the  inconvenience  to  trafiSc  will  be  scarcely  perceptible. 
If  such  repairs  are  made  in  damp  weather,  as  they  oaght  to  be,  little  or 
no  difficulty  is  experienced  in  getting  a  layer  of  stone  to  consolidate 
properly.  If  mud  fills  the  rut  or  hole  tx>  be  repaired,  it  should  be  care- 
fhlly  removed  before  the  material  is  placed. 

Wide  tires  should  be  used  on  all  heavy  vehicles  which  traverse  stone 
roads  (fig.  49).    A  four  or  five  inch  stone  or  gravel  road  will  last  longer 


Fio.  iO.— Hauling  9  tons  of  atone  on  wide-tirod  wagon  over  road  in  Onondaga  County,  K.  Y.  (drawn 

from  photograph). 

without  repair  when  wide  tires  are  used  than  an  eight  or  ten  inch  road 
of  the  same  material  on  which  narrow  tires  are  used. 

TREES  ALOVOSIDE  OF  BOADa 

Not  only  should  brush  and  weeds  be  removed  from  the  roadside,  but 
grass  should  be  sown,  trees  planted,  and  a  side  path  or  walk  be  pre 
pared  for  the  use  of  pedestrians,  especially  women  and  children,  going  to 
and  coming  from  church,  school,  and  places  of  business  and  amusement. 
Country  roads  can  be  made  far  more  useful  and  attractive  than  they 
usually  are,  and  this  may  be  secured  by  the  expenditure  of  only  a  small 
amount  of  labor  and  money.  Although  such  improvements  are  not 
necessary,  they  make  the  surit)undings  attractive  and  inviting,  and  add 
to  the  value  of  property  and  the  pleasure  of  the  traveler. 

If  trees  are  planted  alongside  the  road  they  should  be  far  enough 
back  to  admit  the  wind  and  sun  (fig.  30.)  Most  strong  growing  trees 
are  apt  to  extend  their  roots  under  the  gutters  and  even  beneath  the 
roadway  if  they  are  planted  too  close  to  the  roadside.  Even  if  they  be 
planted  at  a  safe  distance  those  varieties  should  be  selected  which  send 
their  roots  downward  rather  than  horizontally.  The  most  usefcd  and 
beautiful  tree  corresponding  with  these  requirements  is  the  chestnut, 
while  certain  varieties  of  the  pear,  cherry,  and  mulberry  answer  the 
same  purpose.    Where  there  is  no  danger  of  roots  damaging  the  sub- 
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drainage  or  the  substmctare  of  the  road  some  other  favorite  varieties 
woald  be  ehns,  rock  maples,  horse-chestnuts,  beeches,  pines,  and  cedars. 
Climate,  variety  of  species  selected,  and  good  judgment  will  determine 
the  distance  between  such  trees.  Elms  should  be  30  feet  apart,  while 
the  less  spreading  varieties  need  not  be  so  far.  The  trunks  should  be 
trimmed  to  a  considerable  height,  so  as  to  admit  the  sun  and  air.  Fruit 
trees  are  planted  along  the  roadsides  in  Germany  and  Switzerland, 
while  mulberry  trees  may  be  seen  along  the  roads  in  France,  serving 
the  twofold  purpose  of  food  for  silkworms  and  shade.  If  some  of  our 
many  varieties  of  useful,  fruitful,  and  beautiful  trees  were  planted  along 
the  roads  in  this  country,  and  if  some  means  could  be  devised  for  pro- 
tecting the  product,  enough  revenue  could  be  derived  therefrom  to  pay 
for  the  maintenance  of  the  road  along  which  they  throw  their  grateM 
shade. 

COST  OF  ROADS. 

The  improvement  of  country  roads  is  chiefly  an  economical  question, 
relating  principally  to  the  waste  of  effort  in  hauling  over  bad  roads, 
the  saving  in  money,  time,  and  energy  in  hauling  over  good  ones,  the 
initial  cost  of  improving  roads,  and  the  difference  in  the  cost  of  main- 
taining good  and  bad  ones.  It  is  not  necessary  to  enlarge  on  this  sub- 
ject in  order  to  convince  the  average  reader  that  good  roads  reduce 
the  resistance  to  traffic,  and  consequently  the  cost  of  transportation  of 
products  and  goods  to  and  from  farms  and  markets  is  reduced  to  a 
minimum. 

The  initial  cost  of  a  road  depends  upon  the  cost  of  materials,  labor, 
machinery,  the  width  and  depth  to  which  the  material  is  to  be  spread 
on,  and  the  method  of  construction.  All  these  things  vary  so  much  in 
the  different  States  that  it  is  impossible  to  name  the  exact  amount  for 
which  a  mile  of  a  certain  kind  of  road  can  be  built. 

The  introduction  in  recent  years  of  improved  road-building  machinery 
has  enabled  the  authorities  in  some  of  the  States  to  build  improved 
stone  and  gravel  roads  quite  cheaply.  First  class  single-track  stone 
roads,  9  feet  wide,  have  been  built  near  Oanandaigua,  N.  Y.,  for  $900 
to  $1,000  per  mile.  Many  excellent  gravel  roads  have  been  built  in 
New  Jersey  for  $1,000  to  $1,300  per  mile.  The  material  of  which  they 
were  constructed  was  placed  on  in  two  layers,  each  being  raked  and 
thoroughly  rolled,  and  the  whole  mass  consolidated  to  a  thickness  of  8 
inches.  In  the  same  State  macadam  roads  have  been  built  for  $2,000 
to  $5,000  per  mile,  varying  in  width  from  9  to  20  feet  and  in  thickness 
of  material  from  4  to  12  inches.  Telford  roads  14  feet  wide  and  10  to 
12  inches  thick  have  been  built  in  New  Jersey  for  $4,000  to  $6,000  per 
mile.  Macadam  roads  have  been  built  at  Bridgeport  and  Fairfidd, 
Conn.,  18  to  20  feet  wide,  for  $3,000  to  $5,000  per  mile.  A  telford  road 
16  feet  wide  and  12  inches  thick  was  built  at  Fan  wood,  K.  J.,  tor  $9,500 
per  mile.  Macadam  roads  have  been  built  in  Rhode  Island,  16  to  20 
feet  wide,  for  $4,000  to  $5,000  per  mile. 
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Massachusetts  roads  are  costing  all  the  way  from  $6,000  to  $25,000 
per  mile.  A  mile  of  broken  stone  road,  15  feet  wide,  costs  in  the  State 
of  Massachusetts  about  $5,700  per  mile,  while  a  mile  of  the  same  width 
and  kind  of  road  costs  in  the  State  of  New  Jersey  only  $4^700.  This 
is  due  partly  to  the  fact  that  the  topography  of  Massachusetts  is  some- 
what rougher  than  that  of  New  Jersey,  necessitating  the  reduction  of 
many  steep  grades  and  the  building  of  expensive  retaining  walls  and 
bridges,  and  partly  to  the  dififeience  in  methods  of  construction  and 
the  difference  in  prices  of  materials,  labor,  etc. 

Doubtless  the  State  of  New  Jersey  is  building  more  roads  and  better 
roads  for  less  money  per  mile  than  any  other  State  in  the  Union.  Their 
roads  are  now  costing  from  20  to  70  cents  per  square  yard.  Where  the 
telford  construction  is  used  they  sometimes  cost  as  much  as  73  cents 
per  square  yard.  The  average  cost  of  all  classes  of  the  roads  of  that 
State  during  the  last  season  was  about  50  cents  per  square  yard.  The 
stone  was,  as  a  rule,  spread  on  to  a  depth  of  9  inches,  which,  after 
rolling,  gave  a  depth  of  about  8  inches.  At  this  rate  a  single-track 
road  8  feet  wide  cos^s  about  $2,346  per  mile,  while  a  double-track  road 
14  feet  wide  costs  about  $4,106  per  mile,  and  one  18  feet  wide  costs 
about  $5,280  per  mile.  Where  the  material  is  spread  on  so  as  to  con- 
solidate to  a  4inch  layer  the  8-foot  road  will  cost  about  $1,173  per  mile, 
the  14-foot  road  about  $2,053  per  mile,  while  the  one  18  feet  wide  will 
cost  about  $2,G40  per  mile. 

The  total  cost  of  maintaining  roads  in  good  order  ranges,  on  account 
of  varying  conditions,  between  as  wide  limits  almost  as  the  initial  cost 
of  construction.  Suffice  it  to  say  that  all  money  spent  on  repairing 
earth  roads  becomes  each  year  a  total  loss  without  materially  improving 
their  condition.  They  are,  as  a  rule,  the  most  expensive  roads  that  can 
be  used,  while  oA  the  other  hand  stone  roads,  if  properly  constructed 
of  good  material  and  kept  in  perfect  condition,  are  the  most  satisfac- 
tory, the  cheapest,  and  most  economical  roads  that  can  be  constructed. 

COVGLUSIOV. 

The  road  that  will  best  suit  the  needs  of  the  farmer,  in  the  first  plaoe, 
must  not  be  too  costly ;  and,  in  the  second  place,  must  be  of  the  veiy 
best  kind,  for  farmers  should  be  able  to  do  their  heavy  hauling  over 
them  when  their  fields  are  too  wet  to  work  and  their  teams  would  other- 
wise be  idle. 

The  best  road  for  the  farmer,  all  things  being  considered,  is  a  solid, 
well-built  stone  road,  so  narrow  as  to  be  only  a  single  track,  but  having 
a  firm  earth  road  on  one  or  both  sides.  Where  the  traffic  is  not  very 
extensive  the  purposes  of  good  roads  are  better  served  by  narrow 
tracks  than  by  wide  ones,  while  many  of  the  objectionable  features  of 
wide  tracks  are  removed,  the  initial  cost  of  construction  is  cut  down 
one-half  or  more,  and  the  charges  for  repair  reduced  in  proportion. 
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RAISING  SHEEP  FOR  MUTTON. 


IHTEODTTCnOlf. 

Sheep  are  associated  with  man  in  the  earliest  records  of  the  human 
race.  They  were  iirst  used  only  for  milk  and  later  the  skins  were  used 
for  clothing.  Nearly  a  century  and  a  half  have  elapsed  since  liobert 
Bakewell  of  Dishley,  Loughborough,  England,  began  the  first  syste- 
matic and  intelligent  improvement  of  mutton  sheep.  Prior  to  that 
time  wool  had  been  the  primary  consideration  in  sheep  raising. 

Spain,  the  home  of  the  Merino,  at  one  time  controlled  the  wool  markets 
of  the  world,  and  in  the  early  management  of  the  Spanish  Merino  the 
ewes  were  so  small  that  it  was  common  to  kill  half  the  lambs  in  order 
that  those  remaining  might  go  to  two  ewes.  The  fleece  was  practically 
the  only  consideration  in  the  sheep  reared  in  that  country,  and  this  has 
been  the  distinguishing  characteristic  of  the  Merino  breed  until  within 
the  present  decade.  As  late  as  1892  Mr.  J.  H.  McKibbon,  of  Albion, 
Iowa,  exhibited  a  yearling  American  Merino  at  the  Iowa  Sheep  Breeders' 
shearing  meeting  that  yielded  a  15- pound  fleece  from  a  54-pound  car- 
cass; and  even  in  England,  the  home  of  the  mutton  sheep,  we  find  the 
following  supplication  publicly  recorded  in  an  early  day: 

May  God  lend  his  helping  aid 
To  Keswick  and  its  woolen  trade. 

Bakewell's  work  marks  the  beginning  of  a  new  era  in  sheep  raising 
in  Great  Britain.  His  achievements  in  the  practical  and  scientific 
improvement  of  live  stock  and  the  consequent  increase<l  value  and 
profit  in  farm  animals  entitle  him  to  take  rank  with  the  greatest  bene- 
factors of  humanity.  Bakewell's  contemporaries  credit  him  as  being  a 
man  of  such  analytical  and  systematic  methods,  such  force  of  intelleet 
and  creative  genius,  that  he  would  have  been  eminent  in  any  field  of 
labor  or  undertaking.  The  problems  connected  with  live-stock  produc- 
tion are  even  more  intricate  at  the  present  time  and  the  conditions  in 
agriculture  more  exacting.  Good  animals  never  come  by  chance  or 
haphazard  methods;  they  have  been  the  product  of  a  high  degree  of 
intelligence,  skill,  and  intellectual  ability.  This  field  will  always  be 
worthy  of  the  best  minds  and  highest  talent  the  world  affords.  The 
mutton  sheep  has  been  slow  in  invading  America.  Here,  as  in  Europe, 
the  wool-producing  Merino  held  almost  undisputed  sway  for  many 
years.  Fabulous  prices  prevailed  for  sheep  having  no  adaptation  what^ 
ever  to  anything  except  wool  production. 
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DTCEEASIVO  DEHAVB  FOB  GOOD  MUTTOV. 

The  American  people  bave  been  characterized  as  a  nation  of  pork 
eaters  and  pork  producers,  with  little  or  do  appreciation  of  good  mut- 
ton. However  this  may  have  been  in  the  past,  the  conditions  are 
rapidly  chaugiug.  Perhaps  the  recent  depression  in  the  price  of  wool 
is  largely  accountable  for  the  readjustment  and  changed  condition;  at 
any  rate,  there  is  a  constantly  increasing  demand  for  good  mutton  in 
the  United  States.  The  Chicago  market  alone  in  1894  took  nearly  a 
million  more  mutton  sheep  than  during  any  previous  year,  and  the 
receipts  during  1898  are  the  largest  on  record.'  Notwithstanding  the 
impetus  of  increased  demand  and  good  prices  and  the  rapidly  increas- 
ing population,  the  number  of  sheep  in  the  United  States  is  consider- 
ably lower  than  in  former  years.  The  average  of  the  numbers  on  hand 
each  year,  January  1,  from  1891  to  1895  inclusive,  was  44,448,885,  and 
the  average  of  the  number  on  hand  January  1,  from  1896  to  1899  inclu- 
sive, was  37,972,212.*  During  the  former  period  two  Canadian  prov- 
inces, Quebec  and  Ontario,  sent  to  our  markets  1,524,046  head  of  sheep, 
valued  at  nearly  $5,000,000.  This  importation  of  mutton  sheep  from 
Canada  still  continues,  notwithstanding  the  fact  that  a  heavy  duty  is 
imposed,  and  that  Canadian  mutton  is  also  made  on  higher-priced  feeds 
and  lands  than  prevail  in  our  own  country.  During  the  past  year  the 
number  of  sheep  imported  at  Buffalo  alone  was  176,697,  valued  at 
$574,882.  We  have  also  been  importing  twenty-five  to  thirty  million 
dollars'  worth  of  wool  annually  during  recent  years. 

SHEEP  PBODTTCnOV  AS  A  PEATUBE  OP  AMEBICAV  AOBICULTUBE. 

The  production  of  prime  mutton  for  American  and  European  markets 
is  rapidly  becoming  a  permanently  established  industry  of  vast  propor- 
tions in  the  United  States.  Our  rich  lands  and  abundant  feeds  are 
well  suited  to  the  economical  production  of  superior  mutton,  and  it  has 
been  clearly  demonstrated  that  mutton  sheep  properly  selected  can 
grow  a  large  part,  if  not  all,  of  the  wool  demanded  for  American  manu- 
facturing. The  erroneous  impression  has  prevailed  that  sheep  are  only 
suited  to  inferior  lands.  No  greater  error  can  be  imagined.  While  it 
is  true  that  sheep  are  well  adapted  to  scanty  vegetation  and  capable  of 
profitably  grazing  semiarid  lands,  they  also  render  as  large  returns  for 
a  liberal  ration  of  good  feeds  as  any  domestic  animal,  with  the  possible 
exception  of  the  hog.  The  high-priced  agricultural  lands  of  Great 
Britain  sustain  680  sheep  per  thousand  acres,  and  Scotland  in  1893  had 
even  as  high  as  1,380  sheep  per  thousand  acres  of  agricultural  lands.^ 
The  leading  agricultural  States  of  the  Union  have  not  to  exceed  25 
sheep  per  thousand  acres  of  land. 


'  Live  Stock  Report,  Janaary  5,  1899. 

s  Statistics  of  the  United  States  Department  of  Agricalture. 

3  Sheep;  Breeds  and  Management,  by  John  Wrightson,  London. 


Digitized  by  VjOOQ IC 


The  seven  States  constituting  the  corn-belt  area  of  tlie  United  States 
produced  over  a  billion  bushels  of  corn  and  237,000,000  bushels  of  oats 
in  1896J  The  annual  production  of  these  crops  ranges  nearly  as  great; 
in  1897  the  aggregate  corn  product  was  about  the  same,  and  the  oat 
crop  amounted  to  372,000,000  bushels.  A  large  part  of  this  product  is 
obliged  to  seek  a  market  abroad,  and  there  is  not  always  a  profit4ib]e 
cash  market  for  these  surplus  grains.  This  has  been  particularly  true 
during  the  recent  years  of  low-priced  corn,  but  during  all  that  time 
there  has  been  a  possibility  of  realizing  returns  equivalent  to  40  or  50 
cents  a  bushel  lor  corn  fed  to  good  mutton  sheep.  There  are  also  some 
other  considerations  worth  noting.  The  sale  of  $1,000  worth  of  corn 
at  present  prices  takes  from  the  soil  producing  the  crop  about  $300 
worth  of  fertility;  that  is,  it  takes  materials  for  which  the  owner  of 
the  land  would  have  to  pay  this  amount  if  he  were  obliged  to  purchase 
commercial  fertilizers  at  the  rates  usually  prevailing  in  the  market,  but 
the  same  amount  of  corn  can  be  converted  into  good  mutton  and  sold 
at  an  advanced  price  and  it  will  take  from  the  land  not  to  exceed  $50 
worth  of  fertility,  or  if  sold  in  the  form  of  wool  it  will  not  take  from 
the  land  over  $2  or  $3  worth  of  fertility.  It  will  be  incomparably  bet- 
ter for  American  farming  and  for  our  system  of  agriculture  to  convert 
the  surplus  grain  products  into  prime  meats  to  the  extent  at  least  pf 
supplying  home  demands,  and  then  find  foreign  markets  for  the  con- 
densed and  high-priced  meat  products  rather  than  export  the  corn  and 
other  grains  as  such. 

During  the  recent  years  of  contraction,  as  indicated  by  the  figures 
already  quoted,  the  market  for  good  mutton  has  been  continually 
expanding,  and  the  experience  of  every  successful  sheep  raiser  in  any 
section  of  the  United  States  emphatically  refutes  the  doctrine  that  any 
of  our  lands  are  too  valuable  for  mutton  production. 

MUTTON  THE  PRIMAR7  CONSIDERATION. 

Notwithstanding  this  apparent  contraction  of  our  flocks  the  sheep 
industry  has  made  substantial  progress.  It  has  been  established  on  a 
more  permanent  and  lasting  basis  by  making  mutton  the  primary  con- 
sideration and  wool  incidental,  instead  of  the  reverse,  as  has  generally 
been  the  case  heretofore.  On  this  basis,  sheep  raising  will  return  a  sat- 
isfactory profit  one  year  with  another,  independent  of  the  price  of  wool, 
or  nearly  so,  as  it  has  been  clearly  demonstrated  that  it  does  not  cost 
any  more,  if  even  as  much,  to  produce  a  pound  of  mutton  from  good 
mutton  sheep  under  average  farm  conditions  than  to  produce  a  pound 
of  beef,  when  the  wool  is  left  entirely  out  of  consideration;  and  the 
wool  always  has  some  value;  it  seldom  goes  so  low  that  well-bred  mut- 
ton sheep  will  not  yield  a  fleece  worth  from  75  cents  to  $1.50. 


'  Statistics  of  the  United  States  Department  of  Agriculture. 
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Large  numbers  of  sbeep  have  been  fattened  annually  in  the  grain- 
producing  States  the  past  few  years,  and  many  important  truths  and 
fundamental  facts  pertaining  to  this  industry  have  been  established. 
These  all  tend  to  place  sheep  raising  on  a  more  permanent  basis.  Prac- 
tical feeders  and  farmers  have  found  that  there  is  no  more  profitable 
outlet  for  surplus  grain  products,  particularly  after  the  country  has 
sufiered  from  the  ravages  of  hog  cholera,  than  in  mutton  production. 

DTVESTIGATIONS  AT  THE  EXPERIIIENT  STATIOHS 

Many  careful  and  scientific  investigations  have  been  conducted  at 
the  experiment  stations,  which  also  shed  new  light  on  the  problems 
of  sheep  feeding.  Some  of  these  are  extracted  for  these  pages  on 
account  of  the  lessons  of  general  interest  they  contain. 

PLAN  OF  EXPERIMEin^S. 

The  investigation  of  this  subject  was  taken  up  at  the  Iowa  Experiment 
Station  when  the  depression  in  the  sheep  business  had  reached  its 
lowest  point.  The  primary  object  was  to  determine  the  relative  economy 
of  production  and  value  of  mutton  and  wool  compared  with  other  farm 
products,  and  incidentally  to  derive  information  concerning  the  demands 
of  the  market  for  these  products  and  the  adaptation  of  some  of  the 
leading  breeds  to  meet  the  market  requirements.  The  experiment 
planned  for  this  purpose  consisted  in  using  ten  carefully  selected  repre- 
sentatives each  of  ten  of  the  leading  breeds  of  sheep  to  be  used  in  a 
feeding  experiment  covering  a  period  of  about  one  hundred  days, 
taking  the  lambs  at  weaning  time,  or  soon  afterwards,  and  finishfaig 
them  for  market  in  prime  condition,  carefully  determining  the  cost  of 
producing  a  pound  of  mutton  from  each  breed  and  the  average  weight 
of  fieece,  and  the  value  of  both  mutton  and  wool  on  the  market.  This 
was  followed  by  a  thorough  and  exhaustive  slaughter  and  block  test 
giving  the  weight  and  value  of  various  parts  of  the  carcasses,  and  a 
photograph  of  the  leading  cuts  on  the  block.  The  investigation  covered 
a  i)eriod  of  two  years  in  order  to  insure  greater  accuracy,  and  the 
results  were  found  to  be  substantially  uniform  in  the  two  trials. 

The  breeds  included  Southdown,  Shropshire,  Oxford,  Suffolk,  Lin- 
coln, Leicester,  Cotswold,  Dorset,  Merino,  Merino  and  Shropshire  cross, 
and  Shropshire  ewes.  The  first  experiment  covered  a  feeding  period  of 
ninety  days  and  the  second  one  hundred  and  six  days.  Three  repre- 
sentative lambs  from  each  lot  were  photographed  near  the  close  of  each 
experiment.  The  photographs  were  taken  in  such  position  as  to  show 
front  quartering,  side,  and  rear  quarter  views  of  each  breed,  and  repro- 
duced in  groups.  The  reproductions  are  quite  free  from  exaggerations 
and  show  the  lambs  just  as  they  were  taken  by  the  camera,  the  object 
in  reproducing  them  being  to  combine  the  three  views  in  one  illustra- 
tion. The  characteristics  and  quality  of  the  several  breeds  are  accu- 
rately represented  by  the  figures  appearing  in  the  following  pages,  and 
the  record  and  summary  of  feeding  made  by  the  representatives  of  each 
breed  are  given  in  condensed  form. 

Digitized  by  VjQO^lC 


In  the  second  experiment  the  Eamboaillets  were  used  instead  of  the 
National  Delaine  Merinos,  in  order  to  afford  a  comparison  of  another 
family  of  Merinos;  and  the  Shropshire-Merino  crossbreds  were  also 
omitted  from  the  second  experiment  and  a  bunch  of  pure-bred  Shrop- 
shire ewe  lambs  similar  to  the  Shropshire  wethers  was  included  for  the 
purpose  of  comparing  the  feeding  and  mutton  qualities  of  ewes  and 
wethers  of  the  same  breed. 


Fio.  1.— Three  representative  Southdowns. 
Record  of  breed. 


DatA  rnltttiiig  to  tlie  pxi>eriments. 


Average  age  of  tbo  lambd days.. 

Average  weight  (March  31,  shorn) pounds. . 

Time  ocoapied  iu  feeding  experiments days . . 

Average  gain  per  day  during  the  experiment pound. . 

Average  dry  matter  fed  per  pound  of  gain pounds. . 

Average  cost  of  feed  per  pound  of  gain cents. . 

Selling  price  on  Chicago  market  per  cwt dollars. . 

Average  yield  of  dressed  mutton percent.. 

Average  weight  of  fleece pounds . . 

Average  age  of  fleece days . . 

Average  value  of  fleece cents. . 

Average  yearly  weight  of  fleece pounds.. 

Average  yearly  value  of  fleece cents. . 

Average  weight  of  wool  per  1,000  pounds,  live  weight pounds. . 

Average  value  of  wool  per  1,000  pounds,  live  weight dollars . . 

Value  of  wool  per  pound  in  natural  condition cents.. 

Average  shrinkage  in  scouring per  cent . . 

Value  of  wool  per  pound  iu  scoured  condition cents . . 


Firat  ex- 
peri  ineut. 


374 

125 

90 

.45 

7.38 

2.93 

4.75 

5.5.4 

6.75 

366 

75 

6.75 

75 

54 

6.03 

IU 

54i 

26 


Second 
experi- 
ment. 


289 

a  102. 4 

106 

.35 

9.89 

3.12 

5.75 

55. 26 

4.59 

289 

64 

5.79 

81 

44.8 

6.27 

14 
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Fio.  4.— Three  representative  Saffolks. 
Record  of  "breed. 


Data  relating  to  tlie  experimenlA. 


Second 
experi- 
ment. 


Average  age  of  lambs days . 

Average  weight  (March  31,  shorn) pounds. 

Time  occupied  in  feeding  experiments days. 

Average  cain  per  day  during  the  experiment pound. 

Average  dry  matter  fed  per  pound  of  gain pounds. 

Average  cost  of  feed  per  pound  of  gain cents. 

Selling  price  on  Chicago  market  per  cwt dollars. 

Average  yield  of  dressed  mutton per  cent. 

Average  weight  of  fleece pounds. 

Average  age  of  fleece days. 

Average  value  of  fleece cents. 

Average  yearly  weight  of  fleece pounds. 

Average  yearly  value  of  fleece cents . 

Average  weight  of  wool  per  l,000poundsof  live  weight...  pounds. 

Average  value  of  wool  per  1,000  pounds  of  live  weight dollars. 

Value  of  wool  per  pound  In  natural  condition cents. 

Average  shrinkage  in  scouring per  cent. 

Value  of  wool  per  pound  in  scoured  condition cents. 


a  Sold  January  1. 
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Fio.  5.— Three  representative  Lincolna. 
Record  of  breed. 


Data  relating  to  the  experiments. 


Average  age  of  lambs days. 

Average  weight  (March  31,  shorn) pounds . 

Time  occupied  in  feeding  experiments days. 

Average  cain  per  day  daring  the  experiment ponnd . 

Average  dry  matter  fed  per  ponnd  of  gain ponnds . 

Average  cost  of  feed  per  ponnd  of  gain cents. 

Selling  price  on  the  Chicago  market  per  ovrt dollars . 

Average  yield  of  dressed  mutton per  cent. 

Average  weight  of  fleece pounds. 

Average  age  of  fl  eece days . 

Average  valne  of  fleece dollars. 

Average  yearly  weight  of  fleece ponnds. 

Average  yearly  valne  of  fleeco dollars . 

Average  weight  of  wool  per  1,000  pounds  of  live  weight.,  pounds. 

Average  value  of  wool  per  1,000  pounds  of  live  weight dollars. 

Value  of  wool  per  pound  in  natural  condition cents . 

Average  shrinkage  in  scouring percent. 

Value  of  wool  per  pound  in  scoured  condition cents. 


Second 
experl- 


aSoldJanoary  1. 
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Fio.  lO.—Three  repreaentatlTe  RamboniUets  (Frenoh-Merinos). 
Jteoard  of  breed. 


DskUk  relating  to  the  experiment. 


Second 
experi- 
ment. 


Average  age  of  lambs days. 

Average  weight pounds. 

Time  occupied  in  feeding  experiment dajB. 

Average  gain  per  day  during  the  exx>eriment pound 

Average  dry  matter  fed  per  pound  of  gain pounds. 

Average  cost  of  feed  per  pound  of  gain cents. 

Selling  price  on  Chicago  market  per  owt dollars. 

Average  yield  of  dressed  mutton per  cent. 

Average  weight  of  fleece pounds . 

Average  age  of  fleece days. 

Average  value  of  fleece cents. 

Average  yearly  weight  of  fleece pounds. 

Average  yearly  value  of  fleece dollars. 

Average  weight  of  wool  per  1,000  pounds  of  live  weight pounds. 

Average  value  of  wool  per  1,000  pounds  of  live  weight dollars. 

Value  of  wool  per  pound  in  natural  condition cents . 


2&5 

a  113. 3 

106 

.37 

10.29 

2.91 

5.00 

49.57 

6.60 

255 

73 

9.42 

1.04 

61.85 

6.84 

11 


a  Sold  January  1. 
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FlQ.  11. — Three  representative  Shropshire  ewes. 
Record  of  breed. 


Data  relating  to  tlie  experiment. 


Second 
experi- 
ment. 


Average  age  of  lambs 

Average  Aveight 

Time  occupied  in  feeding  experiment 

Average  gain  ))er  day  during  the  experiment. 
Average  dry  matter  fed  per  pound  of  gain  . . . 

Average  cost  of  feed  per  pound  of  gain 

Selling  price  on  Chicago  market  per  cwt 

Average  yield  of  dressed  mutton 


days.. 

..pounds.. 

days.. 

..  .pound.. 
.  .pounds.. 

cents.. 

..dollars., 
.per  cent.. 


255 

a  100 

106 

.31 

10.30 

3.18 

5.65 

5-1.55 


19799— No.  96 2 


a  Sold  January  1. 
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Fig.  12.— Three  repreBentAtive  Shropshire- Merino  crosabredB. 
Record  of  breed. 


Data  relating  to  the  experiment. 


First 
experi- 
ment. 


Average  age  of  the  lambs days. 

Average  weight  (March  31,  shorn) pounas . 

Time  occapied  in  feeding  experiment days . 

Average  gain  per  day  during  the  experiment pound. 

Average  dry  matter  fed  per  pound  of  gain pounds . 

Average  cost  of  feed  per  pound  of  gain cents . 

Selling  price  on  Chicago  market  per  cwt dollars. 

Average  yield  of  dressed  mutton per  cent. 

Average  weight  of  fleece pounds. 

Average  age  of  fleece days. 

Average  yalne  of  fleece cents. 

Average  yearly  weight  of  fleece .- pounds. 

Average  yearly  value  of  fleece cents. 

Average  weight  of  wool  per  1,000  pounds  live  weight pounds. 

Average  value  of  wool  per  1,000  pounds  live  weight dollars. 

Value  of  wool  per  pound  in  natural  condition cents. 

Average  shrinkage  insconring per  cent. 

Value  of  wool  per  pound  in  scoured  condition cents. 


346 

111 

90 

.41 

7.02 

2.82 

4.50 

53.7 

7.5 

334 

90 

8.2 

98 

67.87 

8.15 

llf 

53 

25 
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In  compating  the  cost  of  gain  the  feeds  used  were  estimated  at  the 
following  prices,  based  on  the  commercial  values  prevailing  in  the  local 
market  during  this  investigation : 


Feed. 

lit 

Second 
experi- 
mcDt. 

IJran 

per  cwt.. 

$0.40 
.40 

-m 

.90 
.28 
.05 

$0.35 

OaU 

do 

.35 

Shelled  com 

...\..    .  do.... 

.20 

Oil  meal 

do.... 

.90 

Hav 

do.... 

.20 

Roots     ... 

do.... 

.05 

Cabbage.... 

do  ... 

.10 

The  feeding  record  presented  in  the  following  pages  gives  the  total 
amount  of  feed  consumed  by  each  breed  during  both  experiments  and 
the  gains  and  cost  of  making  a  pound  of  mutton.  The  number  of  pounds 
of  dry  matter  required  for  a  pound  of  gain  are  also  shown.  This  deter- 
mination is  made  in  order  to  afford  a  uniform  basis  for  comparison,  as 
all  farm  feeds,  no  matter  how  completely  air  dried,  contain  more  or  less 
water,  ranging  from  about  11  per  cent  in  com  and  oats  to  as  high  as»90 
per  cent  in  mangels  and  turnips.  The  records  of  the  first  and  second 
experiments  are  presented  separately,  and  the  average  results  of  both 
experiments  are  included  with  the  record  of  tbe  second  in  order  to 
furnish  more  complete  data  for  comparison. 

It  will  be  seen  that  the  ration  varies  considerably  at  the  beginning 
and  end  of  the  experiments  owing  to  the  fact  that  the  lambs  were  on  a 
light  feed  of  grain  and  a  heavy  feed  of  hay  at  the  outset,  and  the  grain 
ration  given  at  the  beginning  consisted  principally  of  bran  and  oats, 
and  the  shelled  corn  and  oil  meal  were  added  as  the  feeding  advanced. 
This  is  a  necessary  precaution  in  getting  lambs  or  sheep  on  to  feed,  as 
they  do  not  take  to  a  concentrated  grain  ration  readily  at  the  beginning. 
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A  full  allowance  of  hay  may  be  given  with  safety.  Bran  or  other 
comparatively  bulky  feeds  are  well  suited  to  starting  sheep  on  feed, 
and  for  the  same  reason  oats  is  safer  than  corn. 

During  the  preliminary  feeding  period,  1  pound  of  grain  is  a  safficient 
allowance  for  10  lambs  daily;  following  this  the  grain  ration  may 
be  increased  to  one-quarter  of  a  pound  per  head,  but  it  should  not 
exceed  one-half  a  pound  for  native  bred  lambs  at  the  end  of  thirty 
days.  Range  lambs  will  not  eat  more  than  one-third  to  one-half  this 
amount  with  safety.  Hay  feeding  alone  without  any  grain  is  sometimes 
practiced  for  the  first  thirty  or  sixty  days  in  regions  where  alfalfa  is 
abundant  and  of  good  quality,  and  quite  satisfactory  gains  are  thus 
obtained.  It  is  a  serious  mistake  to  attempt  to  put  lambs  or  sheep  onto 
heavy  grain  rations  suddenly,  and  one  that  not  infrequently  causes 
serious  loss  and  permanent  injury. 

During  the  latter  part  of  this  experiment  the  oats,  shelled  corn,  and 
oil  meal  were  increased  and  the  lambs  crowded  to  their  full  capacity. 
Some  of  the  larger  breeds  consumed  as  much  as  2^  pounds  of  grain  per 
head  daily. 

COST  OF  PRODUCnr 0  MUTTOH. 

The  summary  of  the  first  experiment  with  the  lambs  shows  that — 

One  hundred  and  nine  head  consumed  34,501  pounds  of  feed  (total 
dry  matter)  in  ninety  days  and  made  a  gain  of  4,678  pounds. 

Seven  special  mutton  breeds  consumed  23,792  pounds  of  feed  and 
gained  3,281  pounds. 

This  gain  is  at  the  rate  of  1  poand  increase  in  live  weight  for  each 
7.37  pounds  of  feed  (dry  matter)  by  all  breeds  tested,  and  I  pound  for 
each  7.25  by  seven  special  mutton  breeds. 
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The  record  of  the  second  experiment,  as  will  be  seen  by  reference  to 
the  summary,  is  hardly  as  uniform  or  as  good  as  that  of  the  first;  the 
difterence  was  attributed  mainly  to  the  interference  caused  by  the 
stomach  worms  which  seriously  infested  nearly  all  of  the  lambs  at 
the  beginning  and  to  some  extent  throughout  the  exi)eriment.  They 
were  unusually  severe  throughout  nearly  all  of  the  sheep-raising  States 
that  year,  more  so  than  they  have  been  at  any  time  since,  though  they 
are  annually  the  source  of  considerable  loss  to  sheep  raisers  in  the 
farming  sections. 

In  the  first  experiment  the  increase  in  live  weight  was  made  at  the 
cost  of  2.93  cents  i)er  pound  for  all  breeds,  and  2.88  cents  per  pound 
for  the  seven  special  mutton  breeds.  This  calculation  allows  the  pre- 
vailing market  price  for  grains,  but  does  not  take  the  fleece,  the  labor, 
or  the  value  of  the  manure  into  account.'  In  the  second  experiment 
the  cost  was  increased  for  all  breeds  to  3.04  cents,  owing  to  the  diffi- 
culties previously  mentioned;  but  notwithstanding  this  the  increase  in 
live  weight  was  made  at  considerably  less  than  the  market  price  of 
mutton  in  both  cases,  as  will  be  seen  by  the  following  record  of  sales: 

Weighii  and  selling  price  per  hundredweight  of  the  lambs. 


Breed. 


Southdown 

Shropshire 

Oxloid 

Saflblk 

Liucoln 

Leicester 

CotswoUl 

Dorset 

Merino 

SbropshireMt'rinoerosshred  . 
Shropshire  owen 


First  experiment 


Weight.      Price. 


Pounds. 
125 
135 
155 
159 
158 
167 
161 
138 
99 
111 


$4.75 
4.62^ 
4.50 
4.25 
4.50 
4.50 
4.50 
3.75 
4.25 
4.50 


Second  experiment. 


Weight      Price. 


2*oiindi. 
102.4 
126 
136.7 
134.4 
143.5 
133 
138.4 
128.3 
113.3 


1 


100 


iJ5.75 
5.60 
5.40 
5.00 
5.25 
5.25 
5.25 
5  50 
5.00 


5.65 


The  price  of  grain  feeds  during  this  experiment  was  somewhat  lower 
than  is  common  in  many  of  the  grain-producing  States,  although  the 
cost  of  producing  mutton  at  average  prices  of  grain  will  seldom  be 
found  above  the  market  value,  even  when  the  value  of  the  fleece  is  not 
taken  into  account.  In  the  first  experiment  the  lambs  were  shorn 
before  they  were  marketed,  and  the  following  table  presents  a  record 
of  the  average  weights  and  values  of  the  fleeces  fix>m  each  breed: 
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Weights  and  value  of  the  fleeces. 


Bree«l. 


10  Southdown  lambs  — 

10  ShropHbire  lambs 

10  Oxford  laraba 

10  Suffolk  lamb« 

10  Lincoln  laniba 

9  Leicester  laiuba 

10  Cotswold  lambs 

10  Dorset  lambs 

10  Merino  lambs 

lOerosHbred  lambs 

10  range  lambs 

10  Shropahire  yearlings . 


Date  of 
sheariug. 


Mnr.  23 
Mar.  23 
Mar.  21-23 
Mar.  21 
Mar.  17-20 
Mar.  lg-20 
Mar.  17-20 
Mar.  18-20 
Mar.  ia-20 
Mar.  18-20 
Mar.  20-21 
Mar.  21 


I 


Average 
age  of 

Average 

weight 

tleece. 

of  fleece. 

Dayt. 

366 

6.75 

363 

8.75 

365 

10.95 

383 

7.65 

332 

12.85 

348 

11.55 

384 

12.65 

355 

6.825 

359 

9.0 

334 

7.6 

321 

5.125 

313 

10.5 

1 

A  »<>»>»»  Value  per  Percent  Value  per 
wfd^t     P**"°^  •"     shrink-  ;  pound  in 


natural 
condition. 


Cents. 

}!* 

12i 
11 
13} 
14J 
13 
10} 
9J 

Hi 
124 
12i 


age  in    I  scoured 
scouring,  conditiun, 


54i 

564 

47 

54i 

40 

88i 

55J 

67l 

53 

48 

49 


Cents. 
26 
25 
24 
24 
23 
24 
23 
24 

:m) 

25 
24 

24 


Value  of 

tieece 
per  head. 


a  $0.75 
.98 
L44 
.86 
1.79 
1.76 
1.06 
.77 
1.00 
.90 
.67 
1.34 


a  The  values  iu  this  column  are  obtained  by  dividing  the  value  of  wool  from  each  breed  by  the 
number  of  sheep.  The  Chicago  weights  varied  a  little  from  the  home  weights  taken  at  date  of 
shearing.  , 

The  lambs  were  considerably  younger  in  the  second  experiment  and 
the  fleeces  were  correspondingly  lighter,  as  will  be  seen  by  reference 
to  the  summary  following  the  illustrations.  The  estimated  value  of 
the  wool  on  the  lambs  in  the  second  experiment  was  reported  by  a  firm 
who  are  leading  wool  commission  merchants  of  Chicago,  as  follows: 

Dkar  Si«:  At  yonr  request  we  carefully  inspected  the  teu  different  lots  of  your 
sheep  at  the  Union  Stock  Yards,  this  city,  with  a  view  of  ascertainiug  as  nearly  as 
]»088ib]e  to-day^8  market  value  of  the  wool.  While  it  is  a  little  out  of  our  line  to 
examine  wool  on  the  sheep's  back,  we  exercised  our  very  best  judgment  and  give 
you  below  the  result  of  onr  careful  inspection. 

We  place  the  value  on  to-day's  market  of  the  Southdown  wool,  which  we  class  in 
a  general  way  as  medium,  at  14  cents. 

The  Lincoln  wool  would  be  classed  as  common  combing,  and  worth  15  conts. 

The  Leicester  wool  we  also  classed  as  common  combing,  value  15  cents. 

The  Shropshire,  low  medium,  value  14  cents. 

The  Oxford,  low  medium  and  quarter- blood,  value  14^  cents. 

The  Suffolk,  medium,  value  14^  cents. 

The  Shropshire  ewe  lambs,  value  14^  cents. 

The  Dorset,  medium,  value  14  cents. 

The  Cotswold,  combing,  value  15  cents. 

The  French  merino,  value  11  cents. 

Without  doubt,  if  the  wool  had  been  shorn  and  all  passed  over  the  grading  board 
in  our  lofts,  some  individual  fleeces  from  the  different  lots  would  be  worth  more  or 
less  than  the  prices  given  above.  We  however  tried  to  make  the  average  ns  near 
right  as  possible. 

Trusting  the  same  will  meet  with  your  approval,  and  hoping  that  the  experiments 
which  have  been  conducted  by  yon  will  prove  to  be  a  benefit  to  the  sheep  growers 
of  the  West,  we  beg  to  remain, 

Yours,  truly,  . 

This  lot  of  lambs  was  not  shorn  before  marketing,  but  was  examined 
at  the  yards  by  experts,  and  the  weight  of  fleece  obtained  by  deduct- 
ing from  the  weight  of  the  pelts  the  estimated  weight  of  the  skins 
based  on  the  slaughter  test  of  the  same  breeds  in  the  previous  experi- 
ment.   This  doubtless  was  approximately  accurate. 
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EELATIVE  COST  OF  PRODUCINO  MUTTOH  AKD  BEEF. 

The  gains  made  iu  each  experiment  were,  all  things  considered,  quite 
satisfactory,  and  compare  favorably  with  results  in  beef  production. 
A  carload  of  choice  Hereford  cattle  coming  2  years  old  was  fattened 
during  the  same  winter  that  the  first  lamb  experiment  was  conducted. 
These  were  finished  and  put  on  the  market  at  the  same  time  as  the 
lambs.  The  record  made  by  these  cattle  was  fairly  representative  of 
the  best  work  in  cattle  feeding  at  that  age,  and  it  was  found  that  they 
required  an  average  of  8.9  pounds  of  dry  matter  for  each  pound  of 
increase  in  live  weight. 

A  summary  of  results  published  by  the  Ohio  Experiment  Station,^ 
compiled  from  experiments  conducted  with  a  large  number  of  cattle  at 
various  stations  in  the  United  States,  gives  the  average  number  of 
pounds  dry  itiatter  per  pound  of  increase  in  live  weight  at  10.24,  and  a 
recently  published  report  of  the  work  of  Lawes  and  Gilbert*  gives  11 
pounds  for  cattle  and  9  pounds  for  sheep.  The  better  results  obtained 
at  the  Iowa  station  in  this  experiment  are  doubtless  largely  due  to  the 
fact  that  younger  animals  were  used.  The  conditions  for  comparison 
appear  fair,  however,  as  both  the  cattle  and  sheep  were  finished  at  a 
comparatively  early  age.  This  indicates  that  a  pound  of  mutton  can 
be  made  on  lambs  at  less  expenditure  for  feed  than  is  required  to 
produce  a  pound  of  beef  on  cattle  at  the  ordinary  age  of  finishing  for 
market. 

FEED  COHSUMED  PER  1,000  POUNDS  LIVE  WEIGHT. 

It  is  sometimes  asserted  that  cattle  and  sheep  require  the  same 
amount  of  feed  per  thousand  pounds  of  live  weight.  This  statement 
seems  not  to  be  well  founded.  In  the  experiments  referred  to  the  cattle 
consumed  19.G  pounds  of  dry  matter  per  thousand  pounds  of  live  weight, 
against  an  avera<;e  of  29.07  by  the  sheep.  Both  sheep  and  cattle  were 
onfall  feed.  The  sheep  made  a  daily  gain  of  3.73  pounds  per  thousand 
pounds  live  weight,  and  the  cattle  2.14.  In  summing  up  this  compari- 
son, we  find  that  while  the  sheep  ate  48  per  cent  more  than  the  cattle, 
they  also  gained  nearly  75  per  cent  more. 

ADVANTAGE  OF  FINISHING  AT  AN  EABLT  AGE. 

With  older  sheep  a  larger  amount  of  feed  is  required  in  proi)ortion 
to  increase  in  live  weight.  This  was  quite  clearly  demonstrated  in 
the  experiment  conducted  by  the  Iowa  Stations^  in  which  the  costs  of 
producing  gain  on  pure  bred  Shropshire  wethers  and  lambs  under 
the  same  conditions  and  on  the  same  ration  were  compared: 

1  Bulletin  No.  60,  Ohio  Station,  by  Thome  and  Hickman. 
^Farmers'  Gazette,  Dublin,  Ireland. 
3  BoUetin  No.  33,  Iowa  Station. 
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Feeding  of  lambs  and  yearlings  compared. 


Breed. 

Month. 

Mixed 
grain. 

Roota. 

Hay. 

Total 
gain. 

Aver- 
age 
gain  per 
head 
daily. 

ToUl 

dry 

matter. 

Ponnds 
of  dry 
matter 

per 
pound 
of  gain 
(aver- 
age). 

Total 

cost  of 

feed. 

Cost  of 
feed  per 
pound 
of  gain 
(aver- 
age). 

10  Sliropshirej 
lambe \ 

Jan . . . 
Feb.  . 
Mar  .. 

Poundt:  PoundM. 
595          279 
648          269 
681          2M 

Pounds. 
464 
495 
664 

Pound$. 
123 
136 
170.5 

Poundi. 
.39 
.46 
.56 

Pounds. 

957.7 

1, 030. 4 

1,093.6 

7.78 
7.57 
6.43 

$:t.78 
4.14 
4.45 

Cents. 
8.7 
3.4 
2.61 

Totals   and 
averagea 

1 
1,924           782       1,523 

429.5 

.48 

3,081.7 

7  1« 

1 
12.37  1        2.88 

Jan.. 
Feb... 
Mar.. 

6  Shropshire  year] 
lings 1 

403 
362 
340 

186  1        250 
174  1        216 
136  '        233 

59 
38 
52.5 

.34 
.26 
.35 

594.3 
527.4 
516.6 

10.07 
13.88 
9.93 

2.38 
2.16 
2.10 

4 

5.7 

4 

Totals     and 
averages . . 

1.105 

496 

699 

149.5 

.33 

1,638.3 

11        '6.64 

4.44 

It  will  bo  seeu  that  it  cost  56  per  cent  more  to  produce  gain  on  year- 
lings than  on  lambs  of  the  same  breed;  perhaps  this  difference  is 
somewhat  greater  than  would  ordinarily  occur  on  account  of  the  wethers 
being  somewhat  fatter  at  the  beginning  of  the  experiment  than  the 
lambs,  although  the  comparison  from  month  to  month  shows  a  wide 
difference  in  each  case.  It  always  costs  proportionately  less  to  make 
gains  on  young  animals  than  on  older  ones. 

LAMBS  PEEFEEBED  IS  THE  HAEKETS. 

The  market  also  favors  the  younger  animal.  In  this  case  the  year- 
lings sold  for  $4.25  per  hundred,  live  weight,  and  the  lambs  for  $4.75 
on  the  same  market,  a  difference  of  10  per  cent  in  favor  of  the  lambs. 
On  this  account  it  is  generally  more  profitable  to  finish  sheep  for 
market  under  I  year  of  age  than  to  hold  them  longer  unless  an  abun- 
dance of  cheap  feed  is  available,  as  is  the  case  where  lands  are  cheap 
or  free  range  accessible. 

In  the  slaughter  test  the  lambs  dressed  the  following  percentages  of 
net  carcass  to  live  weight: 


Percentages  of  yield  of  dressed  mutton. 

Breed. 

First 
experi- 
ment. 

Second 
experi- 
ment. 

Sonthdown 

55.4 
56.3 
55.2 
53.6 
55.7 
57.8 
54.9 
52.6 
6L8 
53.7 

55.26 

Shropshire 

52.88 

Oxford 

50.08 

Suffolk 

52.54 

Lincoln 

51.08 

Leicester 

51.87 

Cotswold 

53.57 

Dorset 

54.11 

Merino 

49.57 

Crossbred                ...                   .                                                                          .«. 

The  Shropshire  yearlings  fed  in  comparison  with  the  Shropshire 
lambs  dressed  62.3  per  cent. 

The  details  of  the  slaughter  test  of  the  lambs  in  the  first  experiment 
made  by  Swift  &  Go.,  of  Chicago,  are  shown  in  the  following  tables^ 
giving  the  weight  and  percentage  of  each  part; 
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KETHOD  OF  ClFTTDrG  MUTTON. 


The  method  of  cutting  a  carcass  is  shown  in  the  accompanying  dia- 
gram, and  the  prices  given  for  the  several  cuts  are  based  upon  the 
Chicago  market  for  prime  mutton  at  the  time  of  this  experiment. 


Fig.  IS.-'Diagraiu  showing  cats  of  mutton. 

The  weights  and  values  given  below  for  the  several  cuts  are  the  aver- 
ages made  by  the  seven  special  mutton  breeds  in  the  first  experiment. 

Leg,  22.2  pounds,  at  10  cents $2. 22 

Loin,  17.5  poumls,  at  9  cents 1. 57 

Rib,  14.5  ponnds,  at  9  cents 1.30 

Chuck,'  19.8  pounds,  at  IJ  cents 34 

5.43 

It  will  be  seen  that  the  leg,  loin,  and  rib  are  the  high-priced  cuts 
that  determine  the  value  of  a  carcass  of  mutton.  An  animal  that  fails 
in  one  of  these,  fails  essentially  to  meet  the  requirements  of  the  market 
for  high-priced  mutton.  This  is  particularly  true  of  the  leg  cut;  and 
plump,  well-filled  legs  are  indispensable  in  prime  lambs. 

The  following  illustrations  present  good  front  and  back  views  of 
a  carcass  selected  as  a  model  at  the  Union  Stock  Yards,  Chicago. 
It  shows  a  remarkably  well-filled  leg,  back,  rib,  and  loin;  the  flesh 
being  even  and  thick  at  all  points,  and  on  cutting  it  was  found  to  be 
of  superior  quality  throughout.  This  is  the  profitable  type  of  carcass  to 
the  killer  and  consumer  as  it  contains  the  highest  proportion  of  choice 
meat  and  the  minimum  of  cheap  product  and  ofial.  It  was  taken  from 
a  03-pound  Southdown. 

'  The  chuck  consists  of  the  breast,  shank,  shoulder,  and  neck. 
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Fio.  14— (a)  Southdown  oarcMs— front  view;  (b)  Soothdown  caroaa    back  view. 

19799-Ua  96 3  ,,g„,,,„  ,^  Google 


34 
EAHGE  LAMB  FEEDIHG. 

The  territory  west  of  the  oae  hundredth  meridian,  known  as  the 
Eange,  is  rapidly  becoming  the  great  breeding  ground  for  sheep. 
Already  this  locality  is  producing  about  one-half  of  the  total  number 
of  sheep  in  the  United  States.  During  the  past  few  years  sheep  have 
been  rapidly  crowding  the  cattle  off  of  the  northern  portion  of  this 
Bange  territory,  and  it  is  quite  generally  recognized  that  the  range- 
cattle  industry  is  gradually  disappearing,  except  in  the  southern  sec- 
tion. While  this  territory  is  favorable  to  the  grazing  of  stock  in  large 
numbers,  the  natural  conditions  will  not  permit  of  the  production  of 
sufficient  feed  to  properly  fatten  and  finish  the  stock  grown  there.  The 
finishing  can  only  be  done  by  drawing  on  the  surplus  grain  crops  of 
the  upper  Mississippi  Valley  States.  This  has  been  largely  practiced 
during  the  past  few  years,  owing  to  the  shortage  of  good  feeding  stock 
in  the  farming  sections,  the  surplus  of  grain  products,  and  prevailing 
low  prices.  On  this  account  there  is  a  general  interest  in  the  character 
and  feeding  value  of  the  sheep  raised  on  the  Eange.  These  sheep  are 
classified  by  Prof.  W.  W.  Cooke  as  follows:  ^ 

Old  Mexico  Sheep. — These  sheep  are  the  direct  descendants  of  the  original  Spanish- 
MeriDOs,  brought  over  two  hundred  years  ago  by  the  Spaniards  to  Old  Mexico.  They 
have  been  bred  with  scarcely  any  outcross  and  are  very  distinctly  marked.  They 
have  long  legs ;  a  long  thin. body,  not  very  deep ;  smaU,  rather  long  neck,  and  a  long 
thin  head,  carried  high.  The  wool  is  fine  and  thin.  To  the  eye  they  appear  almost 
worthless  as  mutton  sheep,  and  of  still  less  value  for  wool.  Their  good  points  are 
that  they  are  hardy,  excellent  travelers,  will  keep  in  good  condition  on  the  poorest 
and  driest  of  ranges,  are  fairly  prolific,  and  can  be  herded  in  bunches  of  almost  any 
size.  They  fatten  easily ,  though  never  looking  plump  and  fat,  like  the  Northern 
sheep.  When  they  reach  the  Chicago  market,  if  in  good  condition,  they  outsell  all 
other  sheep,  for  they  shrink  very  little  in  dressing,  the  meat  has  an  excellent  flavor, 
and  the  hide  is  so  thin,  firm,  and  soft  as  to  command  the  highest  price.  A  well- 
fattened  bunch  of  Mexican  lambs  will  weigh,  on  the  Chicago  market,  from  78  to  81 
pounds.  Yearlings,  ewes,  and  old  wethers  of  this  breed  are  in  good  condition  if 
they  weigh  90  pounds  in  Chicago. 

New  Mezioo  sheep. — These  original  Mexican  sheep  have  been  largely  graded  with 
Merino  rams  in  New  Mexico  and  southern  Colorado,  and  for  some  years  were  run 
there  as  grade  Merinos  for  "wool.  They  have  not  the  thick  wrinkly  fleece  of  the 
typical  Merino  and  show  decidedly  their  Mexican  origin,  being  intermediate,  in 
length  of  leg,  body,  neck,  and  head,  between  the  true  Merino  and  the  Mexican. 
They  are  a  small-bodied,  quick-maturing  sheep,  and,  although  never  growing  very- 
large,  they  get  very  fat.  It  takes  them  longer  to  fatten  than  the  better  bred  sheep. 
Never  less  than  five  and  usually  six  months  elapse  from  the  time  they  are  put  on 
feed  until  they  go  to  market. 

The  bunches  of  lambs  brought  f^m  New  Mexico  run  qnite  even  in  size  and  appear- 
ance. They  are  all  kept  under  the  same  condition,  and  but  few  of  the  flocks  have 
as  yet  been  topped  with  mutton  breeds  so  as  to  present  any  great  variation  from  the 
general  type.  When  brought  to  Colorado  in  the  fall,  about  the  1st  of  November* 
the  lambs  weigh.  In  bunches,  from  48  to  53  pounds.  When  shipped  to  Chicago,  in 
May,  they  weigh  from  80  to  84  pounds.  Their  frames  are  then  not  much  larger  than 
in  the  fall,  but  the  body  is  much  deeper,  almost  touching  the  ground,  and  they  are 
almost  as  thick  through,  making  them  very  plump.  They  easily  get  the  highest 
prices  on  the  Chicago  market,  for  the  same  reasons  as  the  Mexican  sheep. 

I  Bulletin  32,  Colorado  Experiment  Station. 
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Merinof.— Unti]  a  few  yean  ago,  nearly  all  the  sheep  of  Colorado,  Wyoming,  Utah, 
and  Idaho  were  straight  Merino  sheep,  bred  for  the  most  part  from  Merinos  brought 
from  the  East.  Some  flocks  originated  from  the  Mexican  or  New  Mexican  sheep, 
but  they  were  crossed  so  many  times  with  thoroughbred  Merino  rams  as  to  lose 
the  characteristics  of  the  southern  sheep.  So  long  as  these  flocks  were  used  for 
wool  they  were  carefully  bred  by  purchasing  high-priced  rams  from  the  East.  As 
the  price  of  wool  fell,  the  profits  decreased  until  some  seven  or  eight  years  ago  a 
point  was  reached  where  the  sheep  for  mere  wool  ceased  to  be  profitable.  Many 
flocks  were  sold,  and  those  sheep  men  that  continued  in  the  business  turned  their 
attention  to  wool  and  mutton.  Many  of  them  still  continue  to  use  Merino  rams, 
but  the  number  of  these  flocks  is  constantly  decreasing,  and,  especially  from  western 
Wyoming  westward,  the  use  of  rams  of  the  mutton  breeds  has  become  almost  uni- 
versal. These  Merino  flocks  from  the  north  retain  the  thick  fleece  of  the  original 
Merino,  since  the  climate  is  not  hot  enough  to  thin  out  the  fleece  as  it  does  in  New 
Mexico  and  Texas.  Most  of  the  wrinkles  disappear,  but  a  few  remain  around  the 
shoulders,  and  the  face  has  the  Merino  color  distinct,  being  thus  easily  told  from 
the  southern  sheep,  which  have  no  wrinkles  and  very  thin  wool  around  the  head. 
The  lambs  are  short  legged  and  consequently  not  such  good  travelers  as  the  south- 
em  sheei*,  nor  do  they  need  to  be,  for  the  Wyoming  ranges  will  average  much  bet- 
ter than  the  New  Mexican.  The  lambs  appear  larger  than  the  New  Mexican,  but 
will  not  weigh  quite  so  much.  From  42  to  47  pounds  is  an  average  weight  on  the 
1st  of  December.  They  grow  a  little  more  rapidly  when  put  on  feed  than  southern 
sheep,  and  will  stand  a  little  heavier  feeding.  In  May  they  ^ill  weigh  in  Chicago 
just  about  the  same  as  the  southern  lambs,  yet,  if  equal  bunches  were  put  on  the 
market  together,  the  southern  would  more  rapidly  tind  a  purchaser.  The  ewes, 
yearling  wethers,  and  older  wethers  of  the  Merino  are  heavier  than  those  of  the 
Houthern  sheep.  Yearling  wethers  the  first  of  December  should  weigh  from  80  to  90 
pounds ;  old  wethers  occasionally  go  over  100  ponnds.  They  fatten  more  quickly 
than  the  lambs — much  more  quickly  than  the  southern  lambs.  Four  months'  feed- 
ing is  always  sufficient,  and  many  bunches  will  be  ready  for  market  after  three 
months.    They  should  weigh  in  Chicago  from  115  to  125  ponnds. 

In  order  to  compare  the  feeding  value  of  this  class  of  sheep  with  the 
native-bred  mutton  sheep,  a  carload  of  252  head  was  obtained  by  the 
Iowa  Experiment  Station  in  the  fall  of  1896.  Thry  were  especially 
selected  for  the  experiment  near  Las  Cruces,  N.  Mex.,  by  a  prominent 
firm  of  Chicago  commission  merchants.  The  shipment  comprised  4  lots, 
designated  as  follows:  Lot  I,  63  head  shorn  Merino  lambs;  Lot  II,  63 
head  coarse- wool  New  Mexicans;  Lot  III,  03  head  Down-blood  cross  on 
Merino  stock;  Lot  IV,  63  head  of  unshorn  Merinos.  The  illustrations 
on  the  following  pages  furnish  a  good  idea  of  the  characteristics  and 
appearances  of  representative  Iambs  from  each  lot.  They  arrived  at 
the  station  grounds  November  3,  were  dipped  the  next  day,  and  turned 
onto  blue-grass  pasture  with  a  very  light  feed  of  bran  and  oats  morn- 
ing and  evening;  they  also  had  access  at  night  to  good  hay  of  which 
they  ate  freely.  On  December  1  they  were  divided  as  previously  class- 
ified, and  went  into  the  experiment  at  the  following  weights: 

Lot  1,  63  head  shorn  Merinos,  2,950  ponnds. 

Lot  II,  63  head  coarse-wool  New  Mexicans,  3,330  pounds. 

Lot  III,  63  heail  Down  cross,  3,390  ponnds. 

Lot  IV,  63  head  unshorn  Merinos^  3,340  pounds. 
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During  the  preliminary  period  from  November  3  to  December  1  the 
lambs  made  an  average  gain  of  only  about  one  ponnd  per  head,  but  the 
change  of  conditions  and  the  dipping  are,  perhaps,  accountable  for  this 
low  result. 


Fio.  15.— Bepresentative  lambs  from  Lot  I,  shorn  Mexican  Merinos. 

The  252  head  of  lambs  were  fed  through  the  entire  experiment  and 
sent  to  market  with  the  following  record  of  weights  and  gains  for  each 
lot  during  the  110  days  they  were  on  feed : 


Breed. 


Lot  I.  63  shorn  Merinos 

Lot  II,  63  coarse  wool 

Lot  III,  63  D.wn  cross 

Lot  IV,  63  unshorn  Merinos 

Total 


Weight 
Dec.l. 


2,950 
3,330 
3,390 
3,340 


13, 010 


Average 


46.9 
52.8 
53.8 
53 


5L6 


Weight 
Mar.  L 


4,796 
5,114 
5,212 
5,080 


20,202 


Average. 


76.1 
81.1 
82.7 
80.6 


80.1 


Average 
gain. 


29.2 
28.3 
2H.9 
27.6 


28.5 
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The  following  is  a  complete  record  of  the  amount  and  cost  of  feed 
consumed  daring  the  experiment,  and  this  table  also  includes  other 


Fio.  16.— Representative  Iambs  from  Lot  II,  Coarse- Wool  Mexicans. 

calculations  that  furnish  a  basis  for  comparison  with  pure-bred  lambs, 
fed  at  the  Iowa  Station  and  elsewhere  during  the  same  and  the  preced- 
ing winter: 


Breed. 


Lot!  (63)  Shorn  Merinos 

Lot  II  (63)  Coarse  Wool 

Lot  III  (63)  Down  Cross 

Lot  IV  (63)  Unshorn  Merinos 

Summary 


Breed. 


Oats. 


2,785 
2,813 
2,813 
2,728 


11.039 


Com. 


3,135 
3,168 
3,168 
8,009 


12,540 


Bran. 


514 
518 
513 
533 


2,078 


Oil  meal. 


324 
327 
327 
317 


1.295 


Mangels. 


743 
743 
743 
743 


2,972 


Hay. 


14,360 
14,360 
14,360 
14,360 


57.440 


Lot  I  (63)  Shorn  Merinos 

Lot  II  (83)  Coarse  Wool 

Lot  III  (63)  Down  Cross 

Lot  IV  (63)  Unshorn  Merinos 

Summary 


Total 
gains. 


1,846 
1,784 
1,822 
1,740 


7,192 


Average 

gain  per 

head 

daily. 


.266 
.257 


.251 


.250 


Total  dry 
matter. 


Pounds 
of  dry 
matter 
per pound 
of  gain 


18,253 
18,314 
18, 314 
18,153 


73,034 


9.88 
10.26 
10.05 
10.43 


10.15 


,   Cost  of 
Total  cost  feed  per 
of  feed,    pound  of 
gain. 


$49.83 
50.04 
50.04 
49.50 


190.41 


Cents. 
2.7 
2.8 
2.74 
2.84 


2.77 
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DIPPIHG. 

Nearly  all  range  sheep  are  affected  with  scab,  though  it  is  frequently 
held  in  check  so  as  to  be  scarcely  noticeable  when  the  sheep  first  arrive 
from  the  range.  Its  development  appears  a  few  weeks  later,  however, 
and  unless  proper  precautions  are  taken  it  becomes  a  serious  inter- 
ference with  good  results  in  fattening,  besides  a  source  of  infecting  the 
yards  and  premises  with  the  germs  of  this  disease.  On  this  account  it 
is  generally  considered  best  to  dip  all  range  sheep  brought  to  the  farm- 
ing sections  for  feeding.  The  dipping  should  be  done  immediately  or 
atjr  least  very  soon  after  arrival,  and  repeated  in  about  ten  days  to 
insure  effective  work.  In  case  this  has  not  been  done  promptly  on 
arrival  of  the  sheep  and  the  disease  makes  its  appearance  during  the 
winter,  it  is  generally  advisable  to  attend  to  the  dipping  without  further 
delay,  even  though  the  weather  may  be  quite  severe,  as  postponement 
will  only  prolong  the  difficulty  and  at  the  same  time  cause  greatly 
diminished  gains  as  well  as  mach  lower  value  on  the  market.  Sheep 
may  be  dipped  even  at  a  zero  temperature  with  less  menace  to  the  flock 
than  to  allow  the  disease  to  go  unchecked  for  a  few  weeks.  When 
necessary  to  dip  in  severe  weather,  the  work  should  be  done  under 
shelter  in  a  liquid  slightly  warmed  and  the  dipped  animals  placed 
immediately  in  dry,  warm  quarters  and  kept  in  for  several  days  until 
the  fleeces  have  had  time  to  dry. 

There  are  various  dips  on  the  market  and  in  common  use.  Lime  and 
sulphur  and  the  tobacco  dips  are  effective  and  popular  where  the  work 
is  done  on  a  large  scale.  A  number  of  the  prepared  dips  on  themarket 
are  equally  effective,  and  they  have  the  additional  advantage  of  pro- 
moting a  more  favorable  condition  of  the  fleece.  All  farm  flocks  should 
also  be  dipped  at  least  once  a  year  for  the  general  good  effects  resulting 
from  dipping  regardless  of  the  existence  of  scab.  (For  a  full  dis- 
cussion of  dips,  dipping  vats,  etc.,  see  Bulletin  So.  21  of  the  Bureau  of 
Animal  Industry,  U.  S.  Department  of  Agriculture,  entitled  Sheep 
Scab.)' 

THE  FEEDING  OF  EANGE  AND  PUBE-BBED  LAMBS  COMPARED. 

The  range  lambs  averaged  only  about  half  as  much  gain  per  head 
daily  as  the  pure  bred  mutton  lambs.  This  marked  difference  is  mainly 
due  to  the  fact  that  the  Western  sheep,  reared  under  semiarid  condi- 
tions and  scanty  vegetation,  have  only  about  one-half  as  much  digestive 
capacity  as  our  larger  breeds,  accustomed  to  more  liberal  feeding.  In 
this  experiment  the  range  lambs  consumed  more  feed  (dry  matter)  for  a 
pound  of  gain  than  those  of  the  mutton  breeds.  The  rations  were  some- 
what diff'erent,  however,  and  this  variation  probably  accounts  for  the 
larger  amount  of  feed  consumed  for  a  given  gain,  as  their  ration  con- 
sisted more  largely  of  hay  and  contained  a  larger  percentage  of  indi- 


'  Balletin  No.  38,  Colorado  Experiment  Station,  also  contains  much  valuable  infor- 
mation on  the  same  subject. 
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gestible  matter.  In  the  first  of  the  pore-bred  lamb  exx)eriroenu.  previ- 
oasly  describe*  a  lot  of  10  northern  range-bred  lambs  from  Wyoming 
was  fed  in  comparison  with  the  matton  breeds,  and  it  was  found  that, 
while  they  consumed  considerably  less  feed  than  the  pure-breds  and 
gained  only  an  average  of  0.37  of  a  pound  per  head  daily  while  the 
mutton  breeds  gained  an  average  of  0.53,  this  gain  was  made  at  the 
rate  of  1  pound  for  each  6.84  pounds  of  feed  consumed,  while  the  aver- 
age for  the  others  was  1  pound  for  each  7.25  pounds  of  feed  consumed; 
consequently  they  produced  this  gain  even  a  little  more  economically 
than  the  lambs  of  the  improved  mutton  breeds.    This  result  may  seem 


Fig.  17.— Kepresentative  lambs  from  Lot  III,  Down  cross  on  Merino  foundation. 

somewhat  contrary  to  the  generally  accepted  doctrine  concerning  the 
value  of  improved  blood.  A  principle  of  feeding  which  has  been  quite 
clearly  established  is  that  animals  of  pure  breeding,  whether  sheep, 
cattle,  or  hogs,  are  not  capable  of  rendering  much,  if  any,  higher 
returns  for  a  given  amount  of  feed  than  the  so-called  ''  scrub,"  or  native 
unimproved  stock.  This  matter  seems  to  be  governed  by  the  powers  of 
digestion  which  are  not  materially  modified  by  artificial  conditions. 
The  chief  value  of  improved  blood  lies  in  the  capability  of  higher  excel- 
lence of  finished  product  and  a  correspondingly  higher  selling  value. 
Similar  results  have  also  been  obtained  at  other  experiment  stations 
where  feeding  tests  have  been  carefully  conducted.    In  an  experiment 
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conducted  at  the  Minnesota  Experiment  Station  by  Prof.  Thomas 
Shaw,  similar  conclusions  were  reached. 


Fiu  18. — Representative  Iambs  from  Lot  lY,  UDshoni  Mexican  Merinos. 

THE  VALUE  OF  IMPROVED  BLOOD. 

It  has  sometimes  been  asserted  that  some  of  the  native  unimproved 
lambs  are  superior  for  feeding  purposes  and  mutton  production  to  the 
improved  mutton  breeds.  This  conclusion  probably  had  its  origin  in 
the  fact  that  the  Mexican  and  other  tyx)es  of  range-bred  Iambs  have 
at  times  been  quoted  as  high,  and  in  some  instances  a  little  higher, 
than  any  other  Iambs  on  the  market.  This  is  dae  to  other  reasons, 
however,  and  does  not  justify  the  conclusion  that  no  advantage  results 
from  improved  breeding.  The  relatively  high  price  at  which  range 
lambs  sometimes  sell  is  largely  due  to  the  fact  that  they  are  of  the 
desired  light  weight,  and,  owing  to  the  long  distance  in  shipping,  they 
are  well  shrunken  when  they  reach  the  market  and  kill  out  a  better  ])er- 
centage  of  net  meat  than  would  otherwise  be  the  case.  Notwithstand- 
ing these  points  in  their  favor,  however,  the  best  mutton  lambs 
marketed  by  the  Iowa  Exi)eriment  Station  have  always  outsold  the 
best  range  lambs  on  the  market  by  from  15  to  25  cents  per  huodred- 
weight.  The  home-bred  lambs  made  a  larger  net  profit  per  lamb  in  the 
comparison  at  the  Minnesota  Station,  even  though  they  were  rather 
ail  inferior  lot,  but  they  did  not  gain  as  rapidly  or  as  economically  as 
the  range  lambs. 
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In  the  range-lamb  feeding  experiment  conducted  at  the  Iowa  Station, 
one  lot  had  a  cross  of  improved  blood  (evidently  from  one  of  the  Down 
breeds)  and  the  others  had  not.  These  lambs,  raised  under  the  same 
conditions  on  the  range,  and  finished  under  the  same  conditions 
in  the  feed  yard,  sold  for  a  higher  price  and  returned  a  higher  net  profit 
than  the  other  lots,  though  they  made  no  larger  gains.  The  profit  made 
on  the  several  lots  is  shown  below: 


Breed. 


Lot  I,  Shorn  Merinoe 

Lot  II,  Coarse  Wool 

Lot  III,  DownCrofts 

Lot  IV,  Unahom  Merinoe. 


Selling 
price. 


♦4.75 
5.15 
5.25 
5.00 


Net 

profit  per 

beaa. 


$0.42 
.75 
.87 
.70 


At  the  Wisconsin  Experiment  Station*  Prof.  John  A.  Oraig  obtained 
a  profit  of  $1.13  per  head  from  well-bred  lambs,  against  65  cents  from 
unimproved  northern  Wisconsin  lambs  fed  under  similar  conditions. 

WHAT  CONSTITUTES  A  GOOD  SHEEP. 

The  value  of  good  blood  has  been  emphasized  iu  preceding  pages. 
Not  all  the  animals  belonging  to  any  of  the  improved  breeds,  however, 
are  possessed  of  a  high  degree  of  excellence.  No  graver  error  can  be 
made  than  the  assumption  of  uniform  excellence  in  the  stock  consti- 
tuting any  breed,  no  matter  how  much  prominence  it  may  have  attained. 
Individual  aqimals  always  differ  more  than  breeds;  and  there  are  rela- 
tively few  really  good  animals  in  any  breed.  This  seems  to.  be  strikingly 
true  of  the  mutton  sheep.  The  chief  trouble  in  mutton  production  is 
and  always  has  been  the  scarcity  of  stock  sheep,  particularly  sires,  that 
have  sufficient  merit  to  fill  the  standard  of  excellence  for  a  strictly 
prime  carcass.  Until  we  reach  this  higher  degree  of  excellence  the 
mutton  sheep  will  not  assume  its  rightful  place  in  American  agricul- 
ture. The  American  market  has  become  the  most  discriminating  in 
the  world  on  beef  products,  and  it  will  demand  a  corresponding  supe- 
riority in  mutton.  With  this  in  view  a  brief  consideration  of  what 
constitutes  a  good  mutton  sheep  may  be  of  interest 

First,  let  there  be  pronounced  masculinity  in  the  male  and  femininity 
in  the  female.  Sheep  should  be  neither  sexless  nor  characterless. 
They  should  bear  the  stamp  and  character  of  the  breed  they  represent. 
This  breed  character  is  a  mark  of  good  blood,  and  it  should  be  manifest 
in  no  unmistakable  manner.  The  sire  should  be  impressive,  resolute, 
and  of  noble  bearing.  He  should  be  distinctly  the  head  of  the  tiock  in 
every  sense  of  the  word.  To  meet  these  requirements  he  must  have 
good  constitutional  and  vital  powers.  Without  these  no  animal  is  fit  to 
head  a  herd  or  tiock.    In  selecting  a  sire,  look  first  at  the  head.    If 

1  Annual  Report  Wisconsin  Experiment  Station^  1896. 
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deficient  there,  look  no  further,  but  reject  at  once.  Insist  upon  a  head 
that  faces  you  boldly  with  a  wide  face,  a  clear,  prominent  eye,  and  a 
robust  character  throughout.  The  head  should  be  joined  to  a  well- 
filled,  round,  muscular  neck,  wide  at  the  poll  and  back  of  the  ears 
and  gradually  enlarging  in  all  lines  to  a  strong,  full  junction  at  the 
shoulder,  as  seen  from  top,  sides,  or  bottom.  This  should  be  accom- 
panied by  a  wide  chest,  a  prominent,  well-filled  brisket,  and  a  full  heart 
girth,  giving  straight,  even  lines  from  the  shoulders  back.  A  depres- 
sion either  in  front  of  or  behind  the  shoulder,  whether  at  the  top,  side, 
or  bottom  line  is  an  indication  of  weakness.  The  back  should  be  strong, 
wide,  and  well  meated  from  shoulder  point  to  tail.  The  hind  quarters 
should  be  full  and  well  let  down  in  the  leg  and  flank,  in  order  to  yield 
well  of  high-priced  meat.  The  legs  should  be  placed  wide  apart  and 
stand  straight  Sickle-shaped  hocks  and  weak,  sloping  pasterns  afford 
sufficient  reason  for  condemning  an  otherwise  good  sheep. 

ESSENTIALS  OF  A  GOOD  FLEECE. 

The  modem  mutton  sheep  must  also  be  a  wool  producer.  Our  future 
wool  supply  must  come  largely  from  sheep  grown  primarily  for  mutton. 
It  is  essential,  then,  that  a  mutton  sheep  have  a  good  fleece  as  well  as 
a  good  carcass.  This  combination  is  both  practicable  and  profitable; 
and  it  is  no  longer  regarded  necessary  to  grow  one  sheep  for  a  fleece, 
another  for  a  carcass,  and  another  for  a  lamb.  The  intelli<;ent  flock- 
master  combines  them  all  in  one  class.  Some  of  the  best  mutton  sheep 
are  producing  as  profitable  fleeces  as  those  kept  exclusively  for  wool, 
and  their  lambs  are  decidedly  superior.  One  of  the  first  essentials  in  a 
good  fleece  is  compactness  or  density.  This  quality  not  only  insures  a 
better  yield  of  wool,  but  it  affords  better  protection  against  storm  and 
indicates  a  hardier  animal,  better  able  to  withstand  exposure.  A  close, 
even,  dense  fleece  with  no  breaks  should  cover  all  parts  of  the  body, 
including  the  head,  limbs,  and  under  parts.  The  tendency  in  improve- 
ment of  the  wool-producing  qualities  of  all  modern  breeds  has  been 
toward  carrying  the  fleece  more  completely  over  the  head,  face,  limbs, 
and  lower  line.  The  advantage  is  not  so  much  in  the  increased  yield 
of  wool  grown  on  these  parts,  as  that  is  of  little  consequence,  but  in 
the  accompanying  tendency  to  a  larger  and  better  yield  of  wool  in  all 
parts.  A  barefaced  and  barelegged  sheep  is  always  a  relatively  light 
shearer,  and  in  contrast  with  this  the  sheep  wooled  from  "the  eyes  to 
the  toes"  always  yields  a  heavy  fleece  and  the  wool  is  generally  of  a 
better  quality  than  from  those  having  a  scanty  covering. 

Fineness,  length,  and  strength  of  fiber  are  essential  qualities  in  a 
good  fleece  that  should  always  have  prominent  consideration  in  the 
selection  of  breeding  stock,  as  these  qualities  largely  determine  the 
market  value.  Neglect  or  undue  exposure  of  the  flock,  a  period  of 
sickness,  or  anything  that  induces  unthrift  and  impaired  vitality  inva- 
riably results  in  diminishinfi^  both  the  length  and  strength  of  fiber.    Well- 


Digitized  by  VjOOQ  IC 


43 

fed  sheep  always  produce  the  most  and  best  wool.  Softness  and  pli- 
ancy of  wool  nsaally  correspond  in  degree  with  fineness.  Harshness 
and  dryness  are  always  detrimental  to  the  qnality,  even  if  the  fiber  is 
otherwise  good.  As  a  rule,  this  condition  may  be  taken  as  an  indica- 
tion of  poor  breeding,  although  it  may  be  due  to  disease,  old  age,  or 
improper  treatment.  Generally,  a  fieece  begins  to  decline  m  value  and 
yield  after  a  sheep  becomes  4  years  old.  Softness  and  pliancy  are  to  a 
considerable  extent  due  to  the  secretions  of  the  skin.  A  clear  pink  or 
yellowish  skin  is  an  indication  of  a  good  quality  of  wool,  while  a  pale 
or  bluish  skin  is  generally  accompanied  by  an  inferior  fleece.  The  yolk 
is  the  oily  secretion  which  gives  color,  softness,  pliancy,  and  luster  to 
the  fieece.  The  composition  of  the  yolk  consists  of  a  soapy  matter, 
principally  animal  oil  and  potash,  which  promotes  the  growth  of  the 
fleece  and  prevents  friction,  wearing  of  the  fibers,  and  cotting.  Good 
feeding,  shelter,  and  care  promote  liberal  secretion  of  yolk,  while 
exposure  and  alkali  soils  result  in  injury  to  wool  by  diminishing  the 
yolk.  The  secretions  are  always  more  abundant  under  high  tempera- 
ture, hence  blanketing  and  confinement  in  close,  warm  quarters  will 
stimulate  the  production  and  insure  a  finer  fiber.  A  liberal  secretion 
of  yolk  is  favorable  to  the  production  of  a  good  fleece,  but  the  yolk 
should  be  clear  and  transparent  and  not  too  thick  and  gummy.  In  addi- 
tion to  these  qualities,  a  fleece  should  possess  the  properties  of  even- 
ness and  uniformity;  this  refers  to  covering,  density,  and  quality.  A 
good  fleece  should  be  as  nearly  uniform  in  all  parts  as  practicable. 
Avoid  the  fleeces  that  run  to  coarse,  kempy  fibers  at  the  thighs  and 
along  the  lower  line.  The  best  grade  and  quality  of  wool  is  found  on 
the  rear  part  of  the  shoulder,  and  the  nearer  all  other  parts  of  the  fleece 
measure  up  to  this  standard  in  length  and  fineness  of  fiber  the  higher 
will  be  its  value.  Wrinkles  or  folds  of  the  skin  about  the  neck  or  other 
parts  of  the  body  are  detrimental,  as  the  wool  that  grows  within  these 
folds  is  unlike  the  others  parts  of  the  fleece,  and  there  is  a  consequent 
lack  of  uniformity. 

GEHEBAL  NOTES  ON  SHEEP  FEEDING. 

The  range  lambs  that  are  driven  or  shipped  eastward  to  be  finished 
on  grain  feeds  are  largely  divided  into  two  general  classes — the  north- 
ern coming  mainly  from  Wyoming  and  Montana,  and  the  southern  from 
New  Mexico  and  Arizona.  Besides  this  there  are  a  good  many  that  are 
annually  grazed  in  Colorado,  Idaho,  Utah,  and  other  States.  Large 
numbers,  mainly  from  southern  ranges,  are  fed  annually  in  the  vicinity 
of  Fort  Collins  and  Kocky  Ford,  Colo. ;  and  at  New  Brighton  and  South 
St.  Paul,  Minn.,  northern  range  lambs  are  fed  extensively  each  winter, 
being  fattened  principally  upon  screenings  from  the  large  mills  in  the 
vicinity  of  St.  Paul  and  Minneapolis.  About  200,000  head  of  sheep 
and  lambs  have  been  fed  there  during  the  past  winter  (1898-99).  The 
feeders  in  the  vicinity  of  Fort  Collins  handle  about  an  equal  num- 
ber, and  Bocky  Ford  somewhat  less,  although  this  point  is  rapidly 
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increasing  in  capacity  for  famishing  good  mutton  lambs  in  large  num- 
bers. During  the  winter  of  1897-98  the  feeders  of  Nebraska  handled 
nearly  1,000,000  head;  this  winter  (1898-99)  the  number  is  estimated 
at  a  little  more  than  halt  that  amount.  Iowa,  Illinois,  and  other  States 
annually  finish  for  market  large  numbers  of  western  sheep.  A  total 
of  about  2,000,000  head  in  all  is  now  annually  finished  for  market 
in  the  feed  lots  of  the  Middle  and  Western  States.'  The  abnormally 
high  price  of  range  sheep  and  lambs  for  feeding  purposes  prevailing 
last  summer  and  at  the  beginning  of  the  feeding  season  largely  reduced 
the  number  put  on  feed  in  some  localities,  and  the  past  winter's  experi- 
ence has  been  somewhat  disastrous  to  a  good  many  feeders,  particularly 
at  New  Brighton  and  St.  Paul.  This  result  may  be  attributed  to  two 
causes — namely,  extreme  prices  paid  for  feeding  stock  and  an  advance 
of  nearly  100  per  cent  in  the  price  of  screenings.  The  loss  incurred, 
however,  need  not  militate  against  the  mutton-producing  industry;  it 
only  serves  as  another  illustration  that  unwarranted  or  boom  prices 
are  never  safe  in  live-stock  production  of  any  kind.  Sheep  raising 
conducted  carefully  and  conservatively  has  paid  those  who  have  been 
engaged  in  it  notwithstanding  the  decline  in  prices  during  the  past  six 
months;  it  has  paid  the  range  men  extremely  well,  and  it  has  paid  the 
farmer  who  breeds  and  matures  his  own  fiock ;  also  the  farmer  who  has 
bought  feeders  at  a  reasonable  figure  to  consume  his  surplus  farm 
grains.  At  New  Brigton  sheep  are  fattened  almost  exclusively  on 
screenings  that  generally  retail  at  about  $4  per  ton.  A  light  grade  of 
screenings  containing  less  grain  and  more  bulky  coarse  material  is 
considered  best  at  the  beginning,  when  sheep  are  being  put  on  feed^ 
and  a  heavier  and  richer  grade  is  used  for  finishing. 

THE  8ELF-FBBDBR 

The  self-feeder  is  extensively  employed  where  screenings  are  used. 
At  other  points,  however,  where  corn  constitutes  the  chief  grain  ration, 
the  self-feeder  is  not  in  favor,  and  its  use  is  not  to  be  recommended 
for  sheep  feeding  under  farm  conditions,  though  it  is  recommended  by 
some  successful  cattle  feeders.  The  economy  of  the  self-feeder  consti- 
tuted the  subject  of  an  experiment  by  Prof.  F.  B.  Mumford,  of  Michi- 
gan,^ with  the  following  results: 

Results  of  a  feeding  experiment. 


Metbml  of  feeding. 

1 
LotB.     Grain. 

Hay. 

Water. 

Cost  of 
feed. 

Tot»l|  Average 
lamb.       «»*°* 

Dry  mat- 
ter ti» 

Ipoand 
gain. 

OrdlDary 

2 

7 

Lb». 
1,164 
1,460 

Lbs. 

1,173 

924 

Lb». 
2,073 
2,547 

$14.24 
15.47 

Lbi,    1      U», 
23.0            1.77 
20.6            1.58 

Lbs. 

8.77 

Self-feed 

10.04 

>  Peter  Jausen.    Proceedings  of  the  National  Stockmen's  Convention,  Jannary,  1S99. 

>  BulletinB  127, 128,  Michigan  Experiment  Station. 
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The  conclusions  drawn  concerning  the  nse  of  the  self-feeder  at  the 
Michigan  Experiment  Station  are  stated  as  follows:  "Feeding  by 
means  of  a  self-feeder  is  an  expensive  method  of  fattening,  and  is  not  to 
be  recommended  either  from  the  standpoint  of  total  gaius  made  or  the 
amouut  of  dry  matter  required  to  produce  a  given  gain." 

In  Nebraska  and  other  States,  where  large  numbers  are  fed,  a  liberal 
supply  of  hay  of  good. quality  and  at  a  moderate  price  constitutes  an 
important  factor.  For  this  purpose  perhaps  nothing  is  superior  or 
quite  equal  to  properly  cured  alfalfa.  Many  large  feeders  have  been 
buying  extensive  areas  of  alfalfa  in  Nebraska  during  recent  years,  and 
at  other  x)oiuts  accessible  for  corn  feeding.  Millet  hay  and  straw  are 
also  used  to  a  considerable  extent  in  fattening  sheep,  but  they  are  less 
desirable.  A  dry,  keen^  winter  atmosphere  is  favorable  to  sheep  feed- 
ing and  conducive  to  general  thrift  of  the  flock  and  large  gains;  on  the 
other  hand,  damp,  murky  weather  always  means  unsatisfactory  results. 

Many  of  the  largest  feeders  in  Nebraska,  Colorado,  Minnesota,  and 
elsewhere  have  no  shelter,  but  considerable  difficulty  and  loss  are  expe- 
rienced in  severe  winters.  It  is  generally  conceded  that  properly  con- 
structed sheds  are  an  advantage,  though  they  are  somewhat  expensive 
for  large  feeding  yards.  Where  the  sheep  are  handled  in  smaller  num- 
bers, however,  shelter  is  generally  provided  and  considered  profitable. 
A  constant  and  liberal  supply  of  bedding  is  of  even  greater  importance 
than  shelter,  and  water  and  salt  should  be  accessible  to  fattening  sheep 
at  all  times.  The  water  supply  constitutes  an  important  factor,  and  any 
irregularity  concerning  it  always  entails  loss. 

RHaULAR  FEEDING  ESSENTIAL. 

Regularity  and  uniformity  in  feeding  are  of  prime  importance.  Some 
of  the  most  successful  feeders  manage  a  large  feeding  establishment 
with  absolute  regularity  and  precision.  The  system  generally  prac- 
ticed consists  in  having  a  feeding  yard  separate  from  the  other  quar- 
ters. One  feeding  yard  serves  for  five  to  ten  lots  of  sheep  ranging 
from  three  to  five  hundred  in  number.  The  grain  ration  is  placed  in 
the  troughs  and  the  sheep  admitted  and  returned  to  their  regular  quar- 
ters in  ten  or  fifteen  minutes  after  the  grain  is  eaten.  The  sheep  them- 
selves become  wonderfully  punctual  and  regular  in  their  habits.  When 
properly  managed,  the  feeding  begins  at  precisely  the  same  time  and 
proceeds  in  regular  order  each  day.  This  procedure  becomes  so  well 
understood  by  the  sheep  that  they  always  expect  their  ration  promptly 
on  time,  and  they  will  take  their  place  at  the  gate  admitting  them  to 
the  feed  yard  in  regular  order  by  lots.  For  instance,  lot  one  at  its 
feeding  time  will  be  waiting  for  admittance  while  lot  two  in  the  pen 
adjoining  five  minutes  before  feeding  time  will  be  lying  contentedly 
and  taking  no  notice  of  what  is  going  on  outside;  a  few  minutes  later, 
however,  they  will  be  crowded  at  the  gate  and  eagerly  waiting  their 
turn.  When  the  feeder  is  a  quarter  of  an  hour  late,  every  animal  in 
the  lot  seems  to  recognize  and  resent  his  tardiness. 
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Attention  to  these  and  numerous  other  minor  details  have  a  great 
deal  to  do  with  the  profits  resulting  from  extensive  feeding  operations. 
The  loss  from  indigestion  and  other  troubles  frequently  reaches  4  or  5 
per  cent  under  negligent  methods,  but  in  careful  Judicious  handling 
this  can  be  reduced  to  less  than  1  per  cent. 

Restricting  the  amount  of  grain  to  a  very  limited  quantity  at  the 
beginning  is  absolutely  essential  to  the  best  results  in  fattening  west- 
ern sheep;  a  lighter  grain  feed  should  then  be  used  in  preference  to  one 
that  is  more  concentrated,  and  during  the  finishing  stages  a  heavier 
and  richer  grain  ration  will  be  productive  of  good  results. 

FEBDINa  THREE  TIMES  A  DAT. 

On  one  of  the  largest  and  most  successful  feeding  ranches  in  the  West, 
near  Jansen,  Nebr.,  2,500  head,  in  lots  of  about  300  each,  were  being 
fattened  on  a  grain  ration  consisting  of  1^  pounds  of  shelled  corn  and 
one-eighth  of  a  pound  of  oil  meal  per  head  daily  at  the  time  of  the 
writer's  visit  there  in  February.  They  were  being  fed  grain  three  times 
daily  in  separate  feeding  yards  adjoining  their  other  quarters,  accord- 
ing to  the  system  previously  described  in  this  bulletin.  The  manager  of 
the  sheep  at  this  farm  recommends  feeding  three  times  a  day,  although 
it  is  not  common  to  feed  more  than  twice.  Those  who  have  practiced 
feeding  three  times  a  day  claim  as  an  advantage  for  this  method  that 
larger  quantities  of  grain  may  be  consumed  with  less  danger  of  injury 
than  by  feeding  only  twice.  One  feeder  who  has  recently  introduced 
this  method  stated  that  he  was  able  to  safely  feed  300  pounds  more 
grain  per  day  to  2,500  head  of  sheep.  A  striking  illustration  in  favor 
of  careful  methods  is  furnished  in  the  following  record:  Three  lots, 
ranging  from  500  to  1,500  each,  all  selected  from  the  same  large  bunch 
shipped  in  from  the  range  together,  went  into  the  hands  of  different 
feeders.  One,  the  largest  lot,  made  an  average  gain  of  20  pounds  in 
five  months,  another,  13,  and  the  third,  9.  They  went  to  market  at 
about  the  same  time  and  sold  for  $4.55,  $4.40,  and  $4.35,  respectively. 
The  difference  in  gain  and  value  of  the  sheep  on  the  market  when 
finished  was  enough  to  return  a  liberal  profit  on  the  best  lot,  while  it 
was  with  difBculty  that  the  others  were  able  to  balance  accounts. 
These  differences  prevail  in  other  localities  and  demonstrate  the  advan- 
tage and  increased  profit  that  always  result  where  right  methods  are 
applied.  Careful  feeders  by  giving  strict  attention  to  all  essentials  are 
able  to  make  average  gains  of  8  or  10  pounds  per  head  monthly  ou 
range  lambs  and  10  to  15  pounds  on  well-bred  mutton  lambs. 

REQUISITES  OF  A  GK>OD  SHEPHERD. 

A  flock  of  sheep  can  not  be  handled  or  fattened  successfully  without 
a  close  observance  of  their  habits  and  peculiarities.  There  are  a  great 
many  little  things  that  enter  into  the  attention  and  management  by  a 
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saccessfnl  shepherd  that  may  seem  trivial,  yet  they  have  much  to  do 
with  the  comfort,  thrift,  and  profit  of  the  flock.  The  axiom  that  "The 
eye  of  the  master  fattens"  is  nowhere  more  applicable  than  in  the  sheep- 
fold.  The  competent  feeder  acquires  a  trained  eye,  that  detects  at  a 
glance  any  evidence  of  disorder  that  will  be  manifest  if  a  single  animal 
is  oflf  of  feed  or  out  of  condition.  To  the  unobserving  or  inexperienced 
feeder  sheep  all  look  alike,  but  when  rightly  studied  no  class  of  stock 
presents  more  marked  individual  peculiarities  or  so  clearly  manifests 
evidence  of  thrift  and  welldoing  or  the  reverse.  Attention  to  these 
little  details,  accompanied  by  regular  habits  and  a  quiet  manner,  con- 
stitutes the  keynote  of  Successful  sheep  feeding.  Nothing  contributes 
more  to  good  results  than  contentment  and  quiet  surroundings.  The 
feeder  who  disturbs  the  quiet  and  comfort  of  the  flock  every  time  he 
goes  about  it  should  quit  the  sheep  business  at  once.  Rough  manners 
and  harsh  treatment  absolutely  disqualify  any  man  for  success  in  this 
work.  The  natural  timidity  and  nervous  temperament  of  the  sheep 
necessitate  gentle  treatment.  Their  dainty  habits  about  eating  and 
drinking  must  also  be  indulged  as  fully  as  practicable.  No  animal 
naturally  selects  a  wider  variety  of  feed,  particularly  of  rough  forage 
and  vegetation ;  but  two  essentials  are  always  exacted,  viz,  cleanliness 
and  palatability.  Never  give  a  sheep  any  stale  or  undesirable  feed, 
nor  expect  it  to  eat  any  feed  left  over  from  a  previous  meal.  The 
ration  should  be  always  wholesome  and  tempting  to  the  appetite.  The 
barn  or  stabling  quarters  should  never  be  without  a  fresh,  pure  atmos- 
phere and  an  ample  supply  of  dry  bedding.  Sheep  rarely  suffer  from 
cold  if  kept  dry  and  protected  from  direct  drafts.  The  open  air  is 
better  than  a  poorly  kept  shed  or  barn. 

WHEN  IS  A  LAMB  FAT? 

It  is  important  that  the  practical  feeder  be  able  to  determine  when 
lambs  are  properly  finished  and  in  the  most  satisfactory  and  profitable 
condition  for  the  market.  This  is  not  always  an  easy  task ;  experienced 
feeders  are  sometimes  deceived.  As  an  aid  in  studying  this  matter, 
the  following  directions,  prepared  by  Prof.  John  A.  Oraig,  of  the  animal 
husbandry  department  of  the  Iowa  Agricultural  College,  for  the  instruc- 
tion of  students,  are  of  interest: 

When  pat  into  the  feed  lot  ander  proper  conditions,  lambs  will  usaally  begin  to 
show  the  influence  of  jifood  feeding  at  the  end  of  the  third  or  fourth  week.  During 
this  time  they  seem  to  be  simply  getting  into  good  condition  to  put  on  flesh,  though 
it  appears  that  some  flesh  is  being  deposited  internally.  Toward  the  end  of  that 
time  many  of  the  lambs  may  be  noticed  standing  leisurely  in  the  sun  in  a  partially 
stretched  posture.  This  pose  in  the  lambs  is  a  delight  to  the  shepherd.  The  fatten- 
ing process  seems  to  extend  from  the  internal  regions,  and  is  first  in  evidence  at  the 
tail.  It  then  passes  along  the  back  over  the  shoulder  and  reaches  the  neck ;  from 
this  line  it  seems  to  extend  down  the  sides  and  over  the  breast  in  front.  There  are 
six  main  points  at  which  its  extension  seems  most  in  evidence— at  the  tail,  middle 
of  the  back,  the  neck,  the  flank,  the  purse,  and  the  breast.    Judges  of  condition 
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handle  these  difierent  points^  and  eeem  to  arrive  at  the  same  oonclnsions  from  con- 
tinued practice  in  observing  the  development  in  any  one  of  them,  although  a  crit- 
ical examination  will  reveal  that  lambs  sometimes  fatten  unevenly  and  may  be  good 
in  one  or  more  of  these  points  and  comparatively  deficient  in  others.  By  feeling  the 
tail  head  some  will  form  their  opinions  as  to  the  degree  to  which  the  lamb  is  fat. 
Others  are  satisfied  with  feeling  the  back.  Many  after  feeling  the  tail  grasp  the 
neck  and  base  their  opinion  on  the  fullness  of  that  part.  The  flank  and  breast  are 
often  used  for  further  assistance,  and  some  butchers  estimate  condition  from  tbe  full- 
ness of  the  purse.  At  any  of  these  points,  more  especially  tbe  back,  the  covering 
'should  be  such  in  the  prime  lamb  as  to  prevent  feeling  the  sharp  projections  of  the 
backbone.  In  fact,  it  can  hardly  be  said  that  a  lamb  is  really  prime  unless  instead 
of  a  projection  of  backbone  there  is  a  distinct  trough  or  groove  running  from  the  tail 
to  the  shoulders,  and  this  covering  should  extend  well  down  over  the  sides  withont 
softness  due  to  excessive  fat  or  oily  tissue.  All  lambs  do  not  fatten  as  smoothly  or 
as  uniformly  as  herein  indicated.  In  most  lambs,  however,  the  worst  defect  is  bare- 
ness of  tbe  loin  and  lightness  in  the  hind  qnarters.  With  these  parts  well  covered 
and  fully  developed,  a  rather  sharp  shoulder  and  peaked  brisket  may  be  overlooked. 
Not  only  should  the  ilesh  be  thick  over  the  valuable  cuts,  but  it  should  be  firm. 
Very  often  it  will  be  fonnd  that  soft  rough  patches  will  be  present  about  the  head 
of  the  tuii,  owing  to  the  depositing  of  too  much  soft  flesh  on  tbe  back,  which  may 
slip  from  there  on  the  overripe  lamb  and  gather  at  the  flank  or  along  the  sides  in 
long  soft  rolls. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Depaetmbnt  op  Agbioulturb, 

Office  of  Experiment  Stations, 

WaMngtorij  I>.  C,  May  5, 1899. 
Sir:  The  tenth  number  of  Experiment  Station  Work,  prepared 
under  my  direction,  is  transmitted  herewith  with  the  recommendation 
that  it  be  published  as  a  Farmers'  Bulletin, 

Eespectfully,  A.  0.  True, 

Director. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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EXPERIMENT  STATION  WORK-X.^ 


THE  VALUE  OF  THE  MANUEE  FROM  COWS. 

In  experiments  with  dairy  cows  at  the  Texas  Station  a  record  was 
kept  of  the  fertilizing  constituents  in  the  feeding  stuffs  used  and  in 
the  excrement  voided.  The  experiment  was  made  with  18  Jersey  or 
Holstein  grade  cows  and  extended  over  fifty-six  days.  The  feeding 
stull's  used  included  corn  meal,  bran,  oats,  cotton-seed  meal,  cotton-seed 
hulls,  silage,  and  sorghum  hay.  The  calculated  fertilizing  value  of  the 
651.6  pounds  of  corn  meal  consumed  during  the  fifty-six  days  waa$1.53; 
of  the  745.6  pounds  of  bran,  $3.85;  633.2  jwunds  of  oats,  $1.97;  5,464.2 
pounds  of  cotton-seed  meal,  $54.25;  14,300.6  pounds  of  cotton-seed  hulls, 
$21.59;  20,009.3  pounds  of  silage,  $11.21;  and  2,848.6  pounds  of  sor- 
ghum hay,  $5.70,  making  the  total  value  of  the  fertilizing  constituents 
in  the  food  consumed  during  the  experiment  $100.10.  The  total  cost  of 
the  feeding  stuffs  used  during  the  same  time  was  $123.24.  If  all  of  the 
fertilizing  constituents  of  the  food  could  have  been  returned  to  the  soil 
in  the  manure,  the  net  cash  outlay  for  the  production  of  milk  and 
butter  in  the  above  experiments  would  have  been  only  $23.14. 

Of  course  all  the  fertilizing  material  of  the  food  docs  not  pass  through  the  alimen- 
tary canal  into  the  excrements ;  some  is  retained  to  aid  in  the  formation  of  flesh,  hone, 
and  milk.  In  the  case  of  average  milk  cows  this  is  estimated  at  20  per  cent.  Allow- 
ing for  this  loss,  the  fertilizing  valne  of  the  foods  used  in  this  experiment  is  still 
$80.08,  making  the  net  food  cost  $43.16.  If  the  excrements  from  the  cows  are  care- 
fully preserved,  by  far  the  largest  percentage  of  the  fertilizing  constituents  can  be 
BuccessfnUy  returned  to  the  soil.  Supposing,  however,  that  only  50  per  cent  is 
returned  to  the  farm,  we  still  have  a  fertilizing  value  in  these  foods  of  $50.05,  and 
then  the  net  cash  outlay  for  the  foods  consumed  would  only  rise  to  $73.19.  Thus,  in 
determining  the  cost  of  milk  and  butter  production,  the  fertilizing  value  of  the 
food  stuffs  must  be  carefully  considered.  By  many  it  is  held  that  the  fertilizing 
material  secured  to  the  farm  through  stock  husbandry  covers  the  cost  of  care  and 
feeding,  whether  beef  or  milk  forms  the  object. 

*  This  is  the  tenth  number  of  a  subseries  of  brief  popular  bulletins  compiled  from 
the  published  reports  of  the  agricultural  experiment  stations  and  kindred  institu- 
tions in  this  and  other  countries.  The  chief  object  of  these  publications  is  to  dis- 
seminate throughout  the  country  information  regarding  experiments  at  the  different 
experiment  stations,  and  thus  to  acquaint  our  farmers  in  a  general  way  with  the 
progress  of  agricultural  investigation  on  its  practical  side.  The  results  herein 
reported  should  for  the  most  part  be  regarded  as  tentative  and  suggestive  rather 
than  conclusive.  Further  experiments  may  modify  them,  and  experience  alone  can 
show  how  far  they  will  be  useful  in  actual  practice.  The  work  of  the  stations  must 
not  be  depended  upon  to  produce  '^  rules  for  farming.^'  How  to  apply  the  results  of 
experiments  to  his  own  conditions  will  ever  remain  the  problem  of  the  individual 
farmer.— A.  C.  True,  Director,  Office  of  Experiment  Stations. 
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With  the  above  data  before  us,  this  proposition  seems  fair  and  reasonable,  and 
certainly  points  out  the  fact  that  this  feature,  so  long  neglected  in  our  domestio 
economy,  should  receive  careful  attention.    *    *    * 

In  farming,  where  the  purchase  of  food  may  bo  necessary,  the  above  facts  should 
be  carefully  considered;  for,  if  foods  have  to  bo  bought,  the  farmer  should  secure 
the  food  best  adapted  to  his  purpose  in  feeding  and  furnishing  the  highest  percentage 
of  valuable  fertilizing  materials  at  the  same  time.  By  this  means  the  fertility  of 
the  farm  may  be  properly  conserved  and  enlarged. 

The  following  table,  taken  from  a  Farmers'  finlletin  of  tbis  Depart- 
ment (No.  44),  shows  the  variations  in  the  fertilizing  constituents  in 
some  of  the  more  common  farm  products,  and  indicates  tbe  directions 
in  wbicb  selections  of  feeding  stuffs  may  be  made: 

Manurial  consiiluenia  contained  in  one  ton  of  variouB  farm  products. 


^readow  hay  . . . . 

Clover  hay 

Potatoen 

Wheat  bran 

Linsocdmeal  — 
CottoD-aced  meal 

Wheat 

Oata 

Corn 

Barley 

Milk 


Phoaphoric 
acid. 

Pounds. 

Poundt. 

20.42 

S.2 

40.16 

11.2 

7.01 

8.2 

40.15 

54.6 

105.12 

32.2 

185.65 

58.2 

87. 5S 

15.8 

36.42 

12.4 

33.08 

11.8 

89.65 

15.4 

10.20 

8.4 

Potaah. 


Pounds. 

26.4 

86.6 

11.4 

28.6 

24.8 

29.2 

10.6 

8.8 

7.4 

9.0 

3.0 


PLAirrS  ADAPTED  TO  ALKALI  SOILS. 

Throughout  tbe  western  portion  of  the  United  States,  especially 
where  irrigation  is  practiced,  areas  of  alkali  soils  of  greater  or  less 
extent  are  of  frequent  occurrence.  These  soils  derive  their  name  from 
the  fact  that  they  are  strongly  impregnated  with  soluble  salts,  which 
effloresce  or  <<  bloom  out''  in  the  form  of  a  powder  or  crust  during 
dry  weather  following  rains  or  irrigation.  The  basis  of  these  salts  is 
mainly  soda,  together  with  smaller  amounts  of  potash  and  usually  a 
little  lime  and  magnesia.  They  are  mixtures  chiefly  of  sodium  sul- 
phate, sodium  chlorid  (common  salt),  and  sodium  carbonate  in  varying 
proportions.  They  often  contain  in  addition  small  amounts  of  potas- 
sium sulphate,  sodium  phosphate,  and  sodium  nitrate,  substances  whose 
fertilizing  value  is  well  known. 

The  California  Station  has  found  the  amount  of  soluble  salts  in  the 
alkali  soils  of  that  State  to  vary  from  less  than  1  to  over  12  per  cent. 
Stated  in  another  way,  this  means  that  the  amount  present  may  be  as 
high  as  600,000  pounds  per  acre.  Usually,  however,  it  ranges  from 
5,000  to  40,000  pounds  per  acre.  Of  the  different  forms  of  alkali,  that 
in  which  sodium  carbonate  predominates  (black  alkali)  ^4s  by  far  the 
most  injurious  to  vegetable  growth  and  to  the  tilling  qualities  of  the 
soil;  common  salt  (sodium  chlorid)  ranks  next  in  injuriousness;  while 
sodium  sulphate  is  the  least  injurious  and  may  be  present  to  the  extent 
"^  half  of  1  per  cent  or  more  without  maicrip.lly  interfering  with  the 
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growth  of  most  crops.  It  follows  that  in  the  reclamation  of  alkali 
lands  for  cultural  purposes  the  first  thing  needful  is  a  transformation 
of  the  sodium  carbonate,  if  present,  into  sodium  sulphate  by  means  of 
gypsum  (land  plaster),  reducing  the  injuriousness  of  the  black  alkali 
one-fourth  to  one-fifth.''  Experiments  by  the  California  Station  have 
shown  that  in  order  to  accomplish  this  successfully  it  is  necessary  to 
add  to  the  soil  from  two  and  one-half  to  three  times  as  much  gypsum 
as  there  is  sodium  carbonate  present. 

While  the  occurrence  of  alkali  in  excess  in  the  soil  constitutes  a 
serious  menace  to  the  successful  production  of  most  farm  crops,  recent 
investigations  have  shown  that  there  are  many  plants  of  economic 
value  which  are  able  to  tolerate  a  considerable  amount  of  alkali.  The 
experiment  stations  of  California  and  other  Western  States  havedevoted 
considerable  attention  to  the  subject  of  the  utilization  of  alkali  soils, 
studying  especially  the  relation  of  native  and  cultivated  plants  to 
alkali.  The  investigations  of  the  California  Station  have  shown  that 
the  resistance  to  alkali  varies  greatly  with  the  kind  of  plant  and  the 
character  of  the  salts  in  the  alkali. 

Thus,  the  plants  of  tlie  goosefoot  family,  comprebouding,  besides  the  goosefoot 
proper,  tlie  beet,  spinach,  samphire,  saltwort,  and  the  saltbiishes  generally,  will 
resist  very  large  amounts  of  aU  three  of  the  salts;  while,  on  the  other  extreme,  the 
legumes — clovers,  peas,  beans,  vetches,  etc.— resent  even  small  amounts  of  either. 
The  entire  sunflower  family  is  rather  tolerant  of  alkali,  while  most  of  the  cultivated 
grasses  proper  are  quite  sensitive,  if  only  because  their  shallow  rootiug  exposes  them 
peculiarly  to  the  evil  effects  of  the  surface  accumulation  of  alkali  by  evaporation. 

Nearly  200  species  of  plants  native  to  California  which  will  grow 
only  on  alkali  soils  have  been  studied.  It  appears  that  many  of  these 
are  restricted  to  soils  in  which  a  certain  salt  predominates,  and  in  such 
soils  these  plants  often  grow  almost  to  the  exclusion  of  other  species, 
thus  furnishing  a  means  of  judging  of  the  kind  of  soil  underlying 
them  as  well  as  of  its  reclaimability  and  adaptations.  As  a  result  of 
the  studies  along  this  line  by  the  California  Station,  the  alkali  soils 
of  California  have  been  divided  into  distinct  belts,  or  zones,  each  char- 
acterized by  a  single  species  of  plant.  The  different  belts,  together 
with  the  amount  of  the  various  alkali  salts  found  by  analysis  of  the 
soils,  are  shoAvn  in  the  accompanying  table: 

Founds  of  alkali  salts  per  acre  in  one  foot  cf  soil  from  the  different  belts* 


Belt. 


Sulphates. 


MiD. 


Max. 


Carbonates. 


Min.      Max. 


Chlorida. 


Min. 


Max. 


Total  salts. 


Mhi.      Max. 


Scrub   saltbnsb  (Atriplex  poly- 

carpa) 

Bushy  golden-rod  (Bigdovia  ve- 

neta) , 

Saltwort  (8u(xdaB^.) 

Fine-top   salt-grass  {Sporoboltis 

airoiaet) 

Grease  wood    {AUenrolfea    occi- 

de7itdli*) 

Samphire  {Salicornia  sp.) 


Pounds. 

Trace. 

C80 
36,000 

3,440 

7,440 
55,320 


Pounds. 

37,880 

15,360 
176,000 

08,920 

146,000 
176,000 


Pounds. 

240 

None. 


160 
820 


Pounds. 

19,000 

7.480 
24,240 

18,480 

3,400 
24,240 


Pounds. 

None. 

None. 
26,000 

360 

10,400 
5,560 


Pounds. 

21,360 

3,720 
105,800 

55,680 

85,880 
105,800 


Pounds. 

840 

1,800 
74,480 

6,600 

27,320 
61, 240 


Pounds, 

78,240 

24,320 
306,040 

155,280 

194,760 
306,040 
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Botli  Bigelovia  and  scrnb  saltbnsh  indicate;  as  far  as  the  data  at  present  at  hand 
permit  us  to  dotermiue,  a  light,  gravelly  soil,  with  comparatively  low  alkali  contents, 
chiefly  composed  of  snlphates.  The  minimum  of  sulphates  is  lowest  and  the  maxi- 
mum highest  in  the  scrub  saltbush  belt;  but  carbonates  (^*  black  alkali '0  ^nd  chlorids 
are  lowest  in  the  Bigelovia  belt. 

Samphire  indicates  moist  soil,  with  excessive  chlorids  (common  salt)  and  snlphates. 

Greasewood  (Allonrolfea)  grows  only,  as  far  as  our  data  show,  in  moist  soil,  whero 
sulphates  and  common  salt  are  heavy  and  carbonates  light. 

Saltwort  (Suieda)  depends  on  heavy  chlorids  and  heavier  sulphates,  with  carbon- 
ates varying  between  360  and  24,000  pounds  to  the  acre.  It  evidently  tolerates  the 
latter  considerably,  without  preferring  them. 

Much  work  has  yet  to  be  done  before  we  can  determine  the  fnll  extent  of  the  value 
of  these  and  other  plants  as  alkali  indicators. 

Of  those  belts,  only  tbe  first  two  seem  favorable  to  reclamation, 
altliongb  tbe  others  will  grow  plants  well  adapted  to  grazing.  Fine- 
top  salt-grass  is  readily  eaten  by  cattle,  and  tbe  recently  introduced 
Australian  saltbusbes  seem  quite  promising  for  soils  containing  large 
quantities  of  alkali.  Tbe  following  preliminary  list  of  plants  suitable 
for  cultivation  on  alkali  soils  is  given: 

On  strong  a^/caZi— Saltbusbes  (Atriplex  spp,),  fodder  plants;  Modiola 
{Modiola  decumbens)^  fodder  j  wild  millet  {Beckmannia  eru€CBformi8)j  fod- 
der; Kolreuteria paniculata J  Bhrxib;  BBjQ-B^ovl(HaloxyJonanimodendron)j 
dwarf  timber,  valued  for  fuel;  Salsola  soda  and  8.  indica^  formerly 
burned  for  barilla,  used  in  tbe  manufacture  of  glass  and  soap;  Kocbia 
{Kochia  spp.),  fodder  plants. 

Apparently  not  tolerant  of  the  strongest  alkali. — Vegetables — San- 
flower  {Helianthus  annuus),  used  for  chicken  feed,  oil,  paper,  and  fuel; 
valuable  for  bogs;  beets  (garden  and  sugar),  spinach,  onion,  celery, 
and  asparagus;  fruits — Elmagnus  angustifoUuSy  a  tree  with  small  and 
agreeable  fruit,  and  Peruvian  ground-cherry  (Physalis  peruviana)^ 
Jerusalem  artichoke  (Helianthus  tuberos2(s)y  especially  the  white  variety, 
herb,  with  an  edible  fruit;  and  fodder  plants — slender  grass  {Leptochloa 
imhricata)^  Johnson  grass  {Andropogon  haUpmise),  quack  grass  {Agro- 
pyron  repens)j  switch  grass  {Fanicum  mrgatum),  smooth  bunch  grass 
{Poa  Iwvigata),  wild  rye  {Elymus  condensatus)j  alkali  saccatone  {Fani- 
cum hulbosnm)jTedtoj^  {Agrostis  aii>a),  Bermuda  gri\ss  {Gynodon  dactylon), 
jointed  barley  grass  {Hordeum  nodosum),  tea  tree  {Leptospermum  lanig- 
erurn),  an  Australian  shrub,  and  Myall  {Acacia pendula  and  A.  homalo- 
phylla)j  shrubby  acacias. 

nrFLUENCE   OF  ALKALI  ON   THE   GEEMIKATION   AND   OEOWTH 

OF  PLANTS. 

In  experiments  by  the  Wyoming  Station  on  the  influence  of  alkali 
salts  on  the  germination  of  wheat  and  rye,  it  was  found  that  small 
amounts  of  these  salts  hasten  germination  and  no  doubt  also  ^<  assist 
in  the  life  of  the  plant,  either  stimulating  its  growth  or  acting  directly 
as  plant  food."    When,  however,  tbe  proportion  of  alkali  salts  ex- 
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oeeded  certain  limits,  gemiination  was  interfered  with.  The  amounts 
of  the  diflferent  salts  which  may  be  present  without  interfering  with  the 
germination  of  wheat  and  rye  were  found  to  be  as  follows: 

Amounts  of  different  aalis  which  may  be  present  without  retarding  germination  of  tcheat 

and  rt;e. 


Ma^esiom  snlpbate. 

Sodium  Rolphate. 

Sodinm  chlorid. 

Sodinm  carbonate. 

In 
Bolution. 

Insofl. 

In 

eolation. 

In  soil. 

In 

BOlutiOD. 

In  soil. 

In 
solution. 

In  soil. 

"^Tieat 

Percent. 
1.0 
1.0 

PercenL 

0.25 

.25 

Percent. 
0.7 

.7 

Per  cent. 

0.17 

<«.17 

Percent. 

0.4 

.i 

Percent. 

0.1 

.1 

PercenL 

0.4 

.1 

Percent. 
0.10 

Bye 

.02 

It  did  not  appear  that  any  of  the  salts,  except  sodium  carbonate, 
exerted  directly  poisonous  of  corrosive  effects  on  the  seeds.  The  injury 
appeared  to  be  due  to  the  fact  that  the  salts  in  solution  interfered  with 
the  absorption  by  the  seed  of  the  water  necessary  for  germination. 

The  experience  of  the  Wyoming  Station  indicates  that  there  are 
"very  few  useful  plants  which  will  grow  where  the  soil  contains  so 
much  alkali  that  an  incrustation  is  formed  on  the  surface.'' 

Incrustation  of  ordinary  white  alkali  on  the  surface  is  usually  marked^  at  least 
during  dry  weather^  where  there  is  as  much  as  1|  or  2  per  cent  of  salts  in  the  first 
2  inches  of  soil.  Such  an  amount  of  salts  will  prevent  the  growth  of  any  of  the 
cereals  or  of  alfalfa.  Barley  and  rye  seem  to  stand  more  alkali  than  wheat  or  oats. 
Barley;  rye,  or  alfalfa  will  probably  grow  in  the  presence  of  as  much  as  1  per  cent  of 
ordinary  white  alkali  (sulphates  of  soda  and  magnesia)  in  2  inches  of  surface  soil; 
providing  the  water  level  is  not  nearer  the  surface  than  2  or  3  feet.  Usually  where 
there  is  so  much  alkali  as  this,  which  has  accumulated  from  irrigation  above,  the 
water  comes  near  the  surface,  leaving  th«*  soil  saturated  most  of  the  time.  Whore 
this  occurs  less  than  0.5  per  cent  of  salt  along  with  the  water  is  fatal  to  such  crops. 
Upon  soils  containing  about  2  per  cent  of  salts  in  the  first  2  inches  we  have  tried, 
without  success,  rye,  wheat,  barley,  x)ats,  alfalfa,  and  Russian  sunllowers.  Brome 
grass  and  redtop  have  been  partially  successful. 

Among  other  alkali-resisting  plants  which  the  station  has  success- 
fully tested  are  saltbushes  {Atriplex  spp.),  English  rape,  Bokhara  or 
white  sweet  clover,  and  sugar  beets. 

THE  FEEDmO  VALUE  OF  THE  CORN  PLAHT  AT  DIFEEEENT 
STAGES  OF  GROWTH. 

On  the  greater  number  of  farms,  especially  in  those  sections  of  the 
country  where  large  acreages  are  cultivated  by  individual  farmers,  the 
eorn  crop  is  grown  mainly  for  the  grain.  The  ears  are  husked  and 
cribbed,  while  the  stalks  are  left  in  the  field.  During  the  winter  the 
cattle  usually  feed  on  the  stalks,  and  what  is  not  eaten  by  them  is  left 
to  decay  on  the  ground.  This  method  of  feeding  is  practiced  mainly 
because  the  stalks  are  plentiful  and  are  fed  with  the  least  trouble  in 
this  way,  and  the  food  value  of  the  plant  after  the  ear  has  been  removed 
is  considered  insignificant.    On  many  ferms,  especially  where  farming 
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is  carried  on  somewhat  intensively,  the  corn  crop  is  cut  for  fodder  or 
made  into  silage.  When  the  dry  season  lias  cansed  a  scarcity  of  hay 
corn  fodder  makes  a  most  excellent  substitute.  The  feeding  value  of 
the  fodder  is  appreciated  by  many  farmers,  and  circumstances,  such  as 
a  scarcity  of  feeding  stufifs,  may  force  others  to  cut  their  corn  and  put 
it  up  as  fodder  in  order  to  feed  it  in  an  economical  way.  The  greatest, 
difficulty  in  securing  com  fodder  is  the  amount  of  labor  and  time  re- 
quired to  cut  and  shock  it;  but  the  corn  harvester,  which  has  come 
into  use  during  recent  years,  has  lightened  this  burden  to  a  great  extent 
and  the  main  work  now  is  in  building  the  shock.  The  greater  rapidity 
with  which  the  work  can  now  b#done  makes  it  possible  to  cut  larger 
fields  at  the  proper  time. 

In  this  connection  the  composition  of  the  leaves  and  the  stalks  as  the 
plant  approaches  maturity  becomes  a  significant  factor.  The  food  value 
of  the  fodder  depends  largely  upon  the  time  of  cutting,  and  after  that 
upon  the  curing  and  storing.  A  study  of  the  distribution  of  food 
material  in  the  leaves,  stalks,  and  ears  at  difi'erent  stages  of  growth 
was  begun  by  the  Michigan  Experiment  Station  in  1896  and  partially 
repeated  in  1897.  The  results  of  this  investigation  have  been  published 
in  a  recent  bulletin  in  connection  with  other  data. 

The  first  year  of  the  experiment  100  representative  stalks  were 
selected  at  each  of  four  different  dates,  namely,  August  24,  when 
the  corn  was  in  the  milk;  August  31;  September  7,  when  the  corn  was 
glazing,  and  September  14,  when  it  was  ripe.  The  weight  of  the 
leaves,  stalks,  and  ears,  and  the  percentage  of  the  total  weight  each 
represented  were  determined  as  given  below : 

Weight  of  the  leaveSf  stalks,  and  ears  of  100  corn  plants  and  the  pa-ceniage  of  the  total 
dry  matter  contained  in  these  parts  at  different  stages  of  growth. 


Time  of  cutting. 

Weight. 

Percentage  of  total 
weight. 

Percentage  of  total 
dry  matter. 

Entire 
plant. 

Leaves. 

StalkB. 

Ears. 

Leaves.  Stalks. 

1 

Ears. 

Leaves. 

Stalks. 

Ears. 

Aii^8t24(inmilk).... 
Augnst  31 

Lbs. 
201.75 
195.00 
210. 25 
176.50 

Lht. 
85.0 
76.0 
82.0 
40.5 

Lbs. 
07.75 
06. /»0 
69.50 
64.00 

Lbt. 
49.00 
62.50 
59.75 
63.00 

Per  ct. 
42.13 
38.98 
39.00 
28.04 

Peret. 
33.57 
34.10 
33.66 
36.26 

Peret. 
24.30 
26.92 
27.34 
35.70 

Per  et. 
36.41 
33.03 
30.03 
2L77 

Per  et. 
34.27 
25.52 
25.53 
31.91 

PereU 
29.32 
40.85 
44.44 
46.32 

September  7  (glazing)  . . 
September  14  (ripe) 

From  a  feeding  point  of  view  the  total  weight  of  the  plant  is  of  less 
importance  than  the  amount  of  dry  matter  contained  in  the  plant.  As 
is  shown  by  the  figures  in  the  above  table,  the  relation  of  the  weight 
of  the  stalk  to  the  entire  plant  remained  very  nearly  constant,  while 
the  relative  weight  of  the  ear  increased  and  that  of  the  leaf  decreased. 
When  the  plant  was  ftilly  matured  less  than  one-half  of  the  total  dry 
matter  was  in  the  ear,  about  one-third  in  the  stalk,  and  more  than  one- 
fifth  in  the  leaves.  When  the  corn  was  in  the  milk  a  little  over  one- 
third  of  the  food  material  was  contained  in  the  leaves,  a  slightly 
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smaller  proportion  in  the  stalks,  and  still  less  in  tlie  ears.  A  week 
later,  \^en  the  plant  had  reached  what  is  commonly  known  as  the 
roasting-ear  stage,  the  leaves  still  contained  more  than  one-third  of 
the  dry  matter,  but  only  about  one-fourth  of  it  was  found  in  the  stalks, 
while  the  ears  now  contained  a  little  over  40  per  cent.  This  is  regarded 
as  evidence  that  the  ears  grew  partially  at  the  expense  of  the  stalk. 
At  the  glazing  period  the  leaves  contained  less  than  one-third  of  the 
total  dry  matter  of  the  crop,  the  stalks  about  one-fourth,  and  the  ears 
over  44  per  cent;  but  when  the  corn  was  fully  ripe  and  ready  to  be 
harvested  there  was  still  over  53  per  cent  of  the  dry  matter  in  the  stalks 
and  leaves  and  but  40.32  per  cent  in  the^ears. 

A  further  study  was  made  of  the  distribution  of  the  protein  and 
albuminoids  (nitrogenous  constituents,  see  p.  30)  and  the  nitrogen-free 
extract  (containing  especially  the  carbohydrates,  starches,  sugars,  etc., 
see  p.  31).  The  results  obtained  in  this  investigation  are  given  in  the 
following  table: 

Distribution  of  protein,  albnminoidB,  and  nitrogen-free  extract  in  the  leaves,  stalks,  and 
ears  of  the  corn  plant  at  different  stages  of  groxcth. 


Time  of  catting. 

Protein. 

Albuminoids. 

Nitrogen-free  extract. 

Leaves. 

stalks. 

Ears. 

Leaves. 

Stalks. 

Ears. 

Leaves. 

sulks. 

Ears. 

August  24  (in  milk) 

August  31 

Peret. 
52.70 
44.69 
40.62 
32.30 

Per  et. 
16.00 
10.06 
9.38 
17.10 

Peret. 
81.80 
44.35 
50.00 
50.60 

Per  et. 
52.50 
51.06 
42.71 
30.60 

Peret. 

10.00 
2.53 
5.10 

10.70 

Peret. 
37.50 
46.41 
52.10 
58.70 

Peret. 
38.50 
28.40 
20.50 
15.90 

Peret. 
17.50 
23.64 
25.30 
29.40 

Peret. 
44.00 
47.90 

September  7  (glaiing) 

September  15  (ripe) 

54.20 
54.70 

The  results  show  that  in  the  earlier  stages  the  greater  portion  of  the 
protein,  which  is  tbtS*  moat  valuable  single  nutrient,  was  located  in  the 
leaves,  and  even  when  the  com  had  sufficiently  matured  for  cutting 
only  a  little  over  half  of  it  was  found  in  the  ears.  About  60  per  cent 
of  the  albuminoids,  the  most  valuable  part  of  the  protein,  and  over  half 
of  the  nitrogen-free  extract  (carbohydi*ates,  starch,  sugar,  etc.)  were 
found  in  the  ears  at  the  time  of  the  last  analysis.  When  the  com  was 
fully  rix>e,  about  twice  as  much  starch  and  sugar  was  found  in  the 
stalks  as  in  the  leaves. 

In  1897  the  work  was  partially  repeated  and  the  results  were  analo- 
gous to  those  obtained  the  year  before.  This  season  there  was  appar- 
ently a  slight  loss  in  the  total  dry  matter  between  September  C  and 
September  15,  but  at  the  same  time  there  was  a  gain  of  dry  matter  in 
the  ears  and  a  corresponding  loss  in  the  leaves  and  stalks. 

During  189G  investigations  were  also  made  on  the  distribution  of  the 
food  materials  in  sweet  corn  and  sorghum.  It  was  found  that  the  ears 
of  sweet  corn  when  the  plant  is  full^  ripe  contain  but  little  more  than 
one-half  of  the  total  dry  matter,  the  leaves  over  one-fourth,  and  the 
stalks  less  than  one-fifth.  In  this  case,  as  in  the  case  of  the  dent  com, 
the  leaves  included  the  husks.  When  the  corn  was  ripe  the  leaves 
contained  23.80  per  cent  of  the  protein  and  36.60  per  cent  of  the  albu- 
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minoids.  The  ears  contained  over  GO  per  cent  of  the  total  protein  and 
were  also  found  to  be  rich  in  the  carbohydrates — starch,  sugar,  etc. — 
but  not  relatively  so  rich  in  these  constituents  as  in  protein. 

In  the  study  of  sorghum  the  greater  portion  of  the  dry  matter  of  the 
plant  was  found  in  the  stalks,  and  when  the  plant  was  rix>e  the  amount 
of  dry  matter  in  the  leaves  was  about  equal  to  the  amount  contained 
in  the  tops.  Although  over  65  per  cent  of  the  total  dry  matter  wa4» 
found  in  the  stalks,  45.56  per  cent  of  the  protein  was  found  in  the 
leaves  and  less  than  20  per  cent  in  the  stalks.  The  albuminoids  were 
found  to  be  distributed  as  follows :  39.33  per  cent  in  the  leaves,  36.38 
per  cent  in  the  tops,  and  24.29  per  cent  in  the  stalks.  Kearly  three- 
fourths  of  the  carbohydrates— starch,  sugar,  etc. — was  found  in  the 
stalks.  The  analyses  show  that  the  leaves  and  heads  of  sorghum  are 
relatively  rich  in  protein. 

In  connection  with  these  experiments  the  absolute  weight  of  dry 
matter  and  nutrients  was  determined  in  400  hills  of  corn  cut  on  differ- 
ent dates  and  from  these  data  the  yields  of  dry  matter  and  nutrients 
per  acre  were  calculated.    The  results  were  as  follows: 

Yields  per  acre  of  green  fodder,  dry  matter,  and  nutrients. 


Time  of  cutting. 


August  10  (tassclcd)  . 
Augu8t25  (iu  milk) .. 
September  6  (glazing) 
September  15  (ripe)  .. 


Green 
fodder. 

Dry 
matter. 

Protein. 

Nitrogen- 
free 
extract. 

Fat. 

Povndt. 
21, 203 
25,493 
25,865 
23,007 

Pounds. 
3, 670. 24 
5. 320.  39 
7, 110. 29 
8, 020. 24 

Pounds. 
472.73 
570.08 
711.03 
690.96 

Pounds. 
1, 828. 15 
3,212.45 
4, 554. 14 
5, 356. 72 

Pounds. 
67.90 
143.11 
199.08 
242.01 

Fiber. 


Pounds. 
1,010.05 
1,148.67 
1,294.78 
1,413.17 


The  gross  weight  of  the  crop  increased  rai>idly  imd  regularly  up  to 
the  time  of  glazing.  After  that  period  the  change  was  mainly  in  the 
displacement  of  water  by  dry  matter.  From  the  tasselingof  the  corL 
to  the  time  when  the  ears  were  in  the  early  roasting  stage  there  was  a 
gain  of  44  per  cent  in  the  dry  matter;  from  the  early  roasting  stage  to 
the  time  of  glazing  the  dry  matter  increased  over  33  per  cent,  and  from 
this  stage  up  to  maturity  there  was  a  further  increase  of  about  12  i)er 
cent.  The  albuminoids  and  the  protein  increased  rapidly  up  to  the 
time  the  kernels  were  glazed.  The  increase  in  nitrogen-free  extract 
and  fat  from  the  beginning  of  glazing  to  maturity  was  more  than  one- 
sixth  and  one-fifth,  respectively.  From  these  results  it  is  concluded 
that  in  order  to  secure  the  greatest  yields  of  dry  matter  and  available 
nutrients  the  corn  should  not  be  harvested  until  fully  glazed  and  until 
some  of  the  earlier  ears  are  nearly,  if  not  quite,  ripe. 

SOWS  AND  FIGS  AT  FAEBOWINO  TIME. 

The  Wisconsin  Station  has  recently  published  some  interesting  data 
concerning  sows  and  pigs  at  farrowing  time.  The  weight  of  the  sows 
before  and  after  farrowing  was  recorded,  as  well  as  the  weight  of  the 

"^erbirth,  and  the  weight  of  each  pig  at  birth. 
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The  sows  on  which  observations  were  made  were  ten  in  number  and 
were  pure-bred  Poland-Ohinas  and  Berkshires,  crosses  of  these  breeds, 
or  cross-bred  Poland-Ohina-Ohester  Whites.  They  ranged  in  age  from 
one  to  four  years,  and  in  weight  from  240  to  677  pounds.  The  average 
weight  before  farrowing  was  382.1  pounds ;  after  farrowing,  350  pounds. 
The  average  weight  of  the  afterbirth  was  4.01  pounds.  The  litters 
averaged  16.7  pounds  each.  The  individual  pigs  ranged  in  weight 
from  1.3  to  3.1  pounds,  the  average  being  2.2  pounds.  There  were  from 
5  to  12  pigjp  in  a  litter,  and  in  general  the  individual  pigs  in  large  litters 
were  somewhat  smaller  than  those  in  small  litters.     • 

In  a  litter  of  pigs  there  is  often  one  much  weaker  than  the  others. 
This  is  often  called  the  runt,  or  teatman.  It  is  frequently  spoken  of  as 
the  last  pig  farrowed,  this  occurrence  being  supposed  to  cause  infe- 
riority. This  idea  was  not  borne  out  by  the  facts  observed.  The  first 
pig  bom  in  one  of  the  lots  weighed  2.1  pounds,  and  the  last  2.6  pounds. 
In  other  cases  the  pig  farrowed  last  weighed  less  than  the  one  farrowed 
first  In  this  matter,  however,  no  regularity  was  observed,  and  it  is 
stated  that  no  weakness  or  other  inferiority  was  observed  in  the  last 
pig  farrowed. 

THE  SOT  BEAN  AS  A  FEEDIHO  STXTFF. 

The  soy  bean,  an  annual  leguminous  plant,  has  been  grown  from  the 
earliest  times  in  Japan,  Ohina,  and  other  countries  of  southeastern 
Asia.  It  is  said  to  have  been  introduced  into  this  country  from  Japan 
in  1854,  but  for  a  long  time  it  was  cultivated  to  only  a  limited  extent, 
principally  in  the  South.  In  comparatively  recent  years,  however, 
improved  varieties,  adapted  to  varying  climatic  conditions,  have  been 
introduced,  and  the  cultivation  of  the  plant  has  spread  quite  rapidly, 
its  range  of  successful  culture  being  almost  as  wide  as  tiiat  of  corn. 
Many  of  the  stations  have  experimented  with  the  bean  and  thus  called 
attention  to  its  merits,  and  the  Division  of  Agrostology  of  this  Depart* 
ment  has  issued  a  Farmers'  Bulletin  (58)  which  discusses  in  detail 
the  characteristics,  varieties,  and  culture  of  the  plant  and  its  value  as 
a  food  and  feeding  staff. 

The  Japanese  and  other  Orientals  grow  the  plant  mainly  for  the 
seed  which  are  used  in  the  preparation  of  a  variety  of  foods.  The 
bean  is  rich  in  nutritive  material  and  makes  a  valuable  food.  It  has  a 
high  protein  content,  and  hence  serves  well  to  balance  the  diet  of 
people,  such  as  the  Japanese,  who  do  not  eat  much  meat.  There  is  no 
special  demand  for  such  a  food  in  this  country,  however,  and  so  the 
soy  bean  is  likely  to  be,  at  least  for  many  years  to  come,  of  most  value 
as  a  feeding  stuff.  It  serves  admirably  to  balance  the  rations  fed  to 
stock.  The  plant  may  be  fed  as  green  fodder,  hay,  or  silage;  or  the 
beans  may  be  fed  in  the  form  of  meal.  As  a  green  fodder  it  has  been 
fed  at  several  stations  with  varying  success.  It  seems  that  stock  in 
many  cases  does  not  relish  it  at  first,  but  becomes  accustomed  to  it. 
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The  food  constitaents  in  the  soy  bean  and  in  com  and  some  other 
feeding  stuffs  are  shown  in  the  following  table  of  average  analyses: 

Food  constituents  in  soy  leans  as  compared  xoith  other  feeding  stuffs. 


Water. 


Aah. 


Protein. 


Fiber. 


Nitrogen 

free 
extract. 


Fat. 


_L 


Green  soy  bean  (whole  plant) 

Green  com  fodder 

Soy-bean  liay  (with  pod«  .ind  seeda).. 

Dry  com  fodder  (with  ca») 

Soy-bean  straw  (after  thrashing) 

CJora  stover  (plant  without  ears) 

Soy-bean  seed . ..« 

Cornkemels 

Soy-bean  meal 

Pea  meal 

Com  meal , 

Cotton-seed  meal 

Linseed  meal  (new  process) 

Soy-bean  silngo 

Clover  silage 

Com  silage 

Soy  bean  and  com  silage 

Soy  bean  and  millet  silage 


Per  cent. 
75.1 
79.3 
11.3 
42.2 
10.1 
40.5 
10.8 
10.9 
10.8 
10.5 
15.0 
8.5 
10.1 
74.2 
72.0 
79.1 
76.0 
79.0 


Per  cent. 
2.6 
1.2 
7.2 
2.7 
5.8 
3.4 
4.7 
1.5 
4.5 
2.6 
1.4 
7.2 
5.8 
2.8 
2.6 
1.4 
2.4 
2.8 


Percent 

4.0 

1.8 

15.4 

4.5 

4.6 

3.8 

34.0 

10.5 

36.7 

20.2 

9.2 

43.3 

33.2 

4.1 

4.2 

1.7 

2.5 

2.8 


Percent. 

6.7 

5.0 

22.3 

14.8 

40.4 

19.7 

4.8 

2.1 

4.5 

H.4 

1.9 

5.4 

9.5 

9.7 

8.4 

6.0 

7.2 

7.2 


Percent 
10.6 
12.2 
«B.6 
34.7 
37.7 
81.5 
28.8 
69.6 
27.3 
51.1 
68.7 
22.3 
38.4 

6.9 
11.6 
11.0 
11.1 

7.2 


Percent 

1.0 

.5 

5.2 

1.6 

L7 

1.1 

16.9 

5.4 

16.2 

1.2 

3.8 

13.5 

3.0 

2.2 

1.2 

.8 

.8 

1.0 


It  will  be  readily  seen  from  the  above  table  that  the  soy  bean  is  very 
rich  in  nutritive  materials,  the  green  plant  being  much  richer  than 
green-corn  fodder  and  the  ripe  seed  than  corn  kernels.  In  fact  the 
composition  of  the  seeds  more  closely  approaches  that  of  the  oil  cakes — 
cotton-seed  meal,  linseed  meal,  etc. — than  any  other  class  of  feeding 
stuffs.  It  has  been  shown  by  the  Massachusetts  Station,  however,  that 
with  the  yields  usually  obtained  in  that  section  corn  produces  a  larger 
amount  of  nutritive  material  per  acre  than  the  soy  bean.  The  latter, 
however,  has  the  following  advantages:  "(1)  It  can  draw  much  of  its 
nitrogen  from  the  air;  (2)  the  bean  stubble  and  roots  probably  have 
greater  manurial  value  than  those  of  corn;  and  (3)  the  bean,  being  so 
rich  in  flesh  formers  [protein],  may  take  the  place  of  such  concentrated 
foods  as  cotton-seed  meal,  linseed  meal,  gluten  meal,"  etc.  As  the  anal< 
yses  show,  the  hay,  like  that  of  other  leguminous  plants,  is  rich  in  pro- 
tein. The  plant  is  likely  to  lose  a  large  part  of  its  leaves  in  the  process 
of  curing  and  thus  suffer  a  serious  reduction  in  nutritive  value. 

The  value  of  this  crop  for  silage  is  recognized.  It  is  highly  nutritive, 
gives  a  heavy  yield,  and  is  easily  cultivated.  The  vigorous  late  varieties 
are  well  adapted  for  silage.  The  crop  is  frequently  ensiled  with  com 
(2  parts  of  the  latter  to  1  of  the  former),  and  like  other  legumes  it 
improves  the  silage  by  tending  to  counteract  the  acid  reaction  of  corn 
silage.  « 

Soy-bean  meal  is  a  highly  nutritious  feeding  stuff.  An  experiment 
conducted  at  the  Massachusetts  Hatch  Station  led  to  the  conclusion 
that  soy  bean  meal  is  a  better  feeding  material  for  dairy  cows  than 
cotton  seed  meal.  The  soy-bean  meal  produced  more  milk,  richer 
cream,  and  better  butter. 

The  Kansas  Station  has  probably  experimented  with  the  soy  bean 
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more  extensively  than  any  other  station.    Its  experience  with  the  soy 
bean  as  a  food  for  stock  is  reported  as  follows: 

With  dairy  cows  soy-bean  meal  takes  the  place  of  Unseed  meal,  being  somewhat 
richer  in  protein,  a  laxative  feed,  and  softening  the  bntter  fat.  Not  over  3  poands 
per  day  should  be  fed  to  a  cow,  and  the  softening  e£fect  on  the  butter  may  be  over- 
come by  giving  feeds  having  the  opposite  tendency,  such  as  com,  Kafir  corn,  and 
ootton-seed  meal. 

In  the  winter  of  1898,  in  fattening  7i-months-old  pigs,  the  gains  per  bushel  of 

fised  were: 

Pounds. 

Kafir-cbm  meal 11.7 

Shelled  com 12.3 

Kafir-corn  meal  four-fifths,  soy-bean  meal  one-fifth 13. 9 

With  pigs  6  months  old  the  gains  per  bushel  of  feed  were: 

Kafir-corn  meal 9.4 

Shelled  com 11.2 

Kafir-corn  meal  four-fifths,  soy-bean  meal  one-fifth 13. 2 

With  both  lots  the  pigs  having  soy-bean  meal  made  the  most  rapid  growth  and 
were  ready  for  market  much  earlier. 

With  weaning  pigs  the  gains  per  bushel  of  feed  were: 

POQDdS. 

Kafir-corn  meal 10.4 

Corn  meal 11.5 

Kafir-corn  meal  two-thirds,  soy-bean  meal  one- third 15.4 

Corn  meal  two- thirds,  soy-bean  meal  one-third 15. 6 

In  the  fall  of  1898  this  station  bought  of  farmers  60  ordinary  stock  hogs  of  mixed 

breeds.    The  gains  per  bushel  of  feed  in  fattening  these  hogs  were : 

Poands. 

Kafir-corn  meal 7.5 

Kafir-corn  meal  four-fifths,  soy-bean  meal  one-fifth 12. 0 

The  hogs  fattened  with  soy-bean  meal  have  Just  been  marketed,  while  those  not 
having  it  will  not  be  ready  for  four  or  five  weeks. 

ALFALPA  HAT  FOB  HOGS. 

The  Kansas  Experiment  Station  has  recently  reported  the  results  of 
experiments  made  daring  the  fall  of  1898  to  test  the  valae  of  alfalfa 
hay  fed  to  pigs  receiving  aU  the  grain  they  would  eat. 

^he  pigs,  averaging  125  pounds  each,  were  placed  in  lots  of  ten  in 
large  pens  provided  with  shelter  sheds  open  to  the  south.  Alfalfa  hay 
of  the  best  quality  was  fed  dry  in  a  large  flat  trough,  the  pigs  receiv- 
ing in  addition  all  the  black-hulled  white  Kafir  com  they  would  eat 
without  waste.  The  animals  were  given  more  hay  than  they  would 
eat  and  they  consumed  only  the  leaves  and  finer  stems.  Beginning 
November  24  and  continuing  nine  weeks  one  lot  of  pigs  was  fed  alfalfa 
hay  and  Kafir- corn  meal  dry;  a  second  lot,  Kafir  corn  dry;  a  third  lot, 
Kafir-corn  meal  dry;  and  a  fourth  lot,  Kafir  corn  meal  wet. 

The  gains  per  hog  in  the  nine  weeks  from  the  different  methods  of 
feeding  were  as  follows : 

FoQQds. 

Kafir-corn  meal  dry  and  alfalfa  hay 1 90.9 

Kafir  com  whole 59.4 

Kafir-corn  meal  fed  dry 52.4 

Kafir-corn  meal  fed  wet 63.3 
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At  tlie  end  of  the  experiment  the  alfalfafecl  pigs  were  well  fattened 
and  were  marketed.  It  is  estimated  that  under  normal  conditions  it 
would  have  taken  four  or  five  weeks  longer  to  put  the  other  lots  into 
good  marketable  condition. 

The  gain  from  feeding  alfalfa  hay  with  Kafir-com  meal  fed  dry,  over  the  meal 
alone  fed  dry,  was  more  than  73  per  cent. 

Ten  hogs  in  nine  weeks  were  fed  656  pounds  of  alfalfa  hay;  and  for  each  7.83 
pounds  of  alfalfa  hay  fed  with  the  dry  Kafir-corn  meal  the  hogs  gained  3.4  pounds 
over  those  having  dry  Kafir-corn  meal  alone — a  gain  of  868  pounds  of  pork  per  ton 
of  alfalfa  hay.  These  results  are  not  dae  to  the  feeding  value  of  the  alfalfa  alone, 
but  also  to  its  influence  in  aiding  the  hogs  to  better  digest  the  Kafir  com.  The 
alfalfa  hay  also  gave  a  variety  to  the  ration,  making  it  more  appetizing  and  inducing 
the  hogs  to  eat  more  grain.  The  ten  hogs  having  grain  alone  ate  3,885  pounds  of  dry 
Kafir-com  meal,  while  the  ten  hogs  having  hay  and  grain  ate  4,679  pounds  of  the 
Kafir-com  meal  and  656  pounds  of  alfalfa  hay.  The  hay-fed  hogs  ate  more  grain  and 
gained  more  for  each  bushel  eaten. 

In  a  former  experiment  at  this  college,  pigs  were  pastured  through  the  summer  on 
alfalfa  with  a  light  feeding  of  corn.  After  deducting  the  probable  gain  from  the 
com,  the  gain  per  acre  from  the  alfalfa  pasture  was  776  pounds  of  pork. 

These  facts  indicate  that  to  produce  pork  most  cheaply  the  Kansas  farmer  must 
have  alfalfa  pasture  in  summer  and  alfalfa  hay  in  winter. 

ANIMAL  MATTER  A  NECESSITY  FOE  FOULTET. 

It  is  well  known  that  poultry  when  allowed  to  range  at  will  eat  con- 
siderable quantities  of  animal  matter  in  the  form  of  insects,  worms,  etc. 

How  necessary  this  animal  matter  is  to  the  health  of  fowls,  and  espe- 
cially ducks,  was  strikingly  brought  out  by  recent  experiments  at  the 
New  York  State  Experiment  Station.  Two  lots  each  of  chickens  and 
ducks,  as  nearly  alike  as  possible,  were  used  in  these  experiments. 
One  lot  in  each  case  was  fed  a  ration  of  mixed  grains  and  skim  milk  or 
curd  containing  no  animal  matter,  the  other  a  ration  of  mixed  grains, 
with  animal  meal  and  fresh  bones  or  dried  blood.  The  two  rations 
were  about  equally  well  balanced,  although  the  "animal-matter''  ration, 
contained  a  little  less  protein  than  the  "vegetable-matter"  ration.  The 
distinctive  diflference  between  the  two  rations  was  that  in  the  one  case 
two  fifths  to  one-half  of  the  protein  came  from  animal  sources,  while  in 
the  other  it  all  came  from  vegetable,  sources. 

Two  trials  were  made  with  chickens. 

In  each  trial  more  food  was  eaten  by  the  lot  receiving  animal  protein,  the  gain  in 
weight  was  more  rapid,  maturity  was  reached  earlier,  less  food  was  required  for  each 
pound  of  gain,  and  the  cost  of  gain  was  less. 

During  the  first  twelve  weeks  of  the  first  trial  [starting  with  chickens  one-half 
week  old]  the  chicks  on  animal  meal  gained  56  per  cent  more  than  those  on  the  veg- 
etable diet,  although  they  ate  only  36  per  cent  more;  thoy  required  half  a  pound 
less  of  dry  matter  to  gain  1  pound  and  each  pound  of  gain  cost  only  4^  cents,  as  com- 
pared with  5i  cents  for  the  grain-fed  birds. 

During  the  next  eight  weeks  the  cost  of  gain  was  7^  cents  and  llj  cents,  respec- 
tively. The  animal-meal  chicks  reached  2  pounds  in  weight  more  than  five  weeks 
before  the  others;  they  reached  3  pounds  more  than  eight  weeks  sooner,  and  three 
pullets  of  the  lot  began  laying  four  weeks  earlier  than  any  among  the  grain- fed 
birds.  ^-^  , 
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With  tLe  second  lot  of  chicks,  starting  at  six  weeks  of  age,  the  differences  vrere  in 
the  same  direction,  though  not  qnite  so  striking,  thus  showing  that  the  great  advan- 
tage of  the  animal  nitrogen  is  in  promoting  quick,  healthy  growth  and  early 
maturity  rather  than  increasing  the  tendency  to  fatten.     *    •    * 

The  results  were  most  convincing,  almost  startling,  in  the  case  of  ducklings  fed 
the  contrasted  ration.  «  «  *  Before  the  experiment  had  been  long  under  way  it 
was  noticed  that  the  animal-meal  birds  were  developing  rapidly  and  evenly,  but  the 
grain-fed  ducklings  were  becoming  thin  and  uneven  in  size.  It  was  sometimes 
almost  pitiful  to  see  the  long-necked,  scrawny,  grain-fed  birds,  with  troughs  fult  of 
good,  apparently  wholesome  food  before  them,  standing  on  the  alert  and  scrambling 
in  hot  haste  after  the  unlucky  grasshopper  or  fly  which  ventured  into  their  pen, 
while  the  contented-looking  meat-fed  ducks  lay  lazily  in  the  suu  and  paid  no  atten- 
tion to  buzzing  bee  or  crawling  beetle.  The  32  meat-fed  birds  lived  and  thrived, 
but  the  vegetable-food  birds  dropped  off  one  by  one,  starved  to  death  through  lack 
of  animal  food,  so  that  only  20  of  the  33  were  alive  at  the  close  of  the  fifteenth  week 
of  contrasted  feeding.  They  were  then  fed  for  four  weeks  on  the  meat-meal  ration 
and  made  nearly  as  rapid  gains  as  the  other  lot  at  the  same  size  two  mouths  before, 
but  they  never  quite  overcame  the  disadvantage  of  their  bad  start  on  gntins 
alone.    *    *    * 

In  conclusion,  then,  it  may  be  said  that  rations  in  which  from  40  to  50  per  cent  of 
the  protein  was  supplied  by  animal  food  gave  more  economical  results  than  rations 
drawing  most  of  their  protein  from  vegetable  sources.  The  chief  advantage  was  in 
the  production  of  rapid  growth,  although  the  cost  of  production  is  also  in  its  favor. 
While  inferior  palatability  may  have  had  something  to  do  with  the  marked  results, 
especially  with  the  ducks,  the  whole  bearing  of  these  experiments  and  others  not 
yet  reported  seems  to  indicate  that  the  superiority  of  the  one  ration  is  due  to  the 
presence  in  it  of  animal  food. 

RELATION  OF  WATER  SITPFLT  TO  ANIMAL  DISEASES. 

About  three-fiftbs  of  the  animal  body  is  water,  and  while  water  is 
not  strictly  a  food  in  itself,  no  food  can  be  assimilated  without  the  aid 
of  water,  large  quantities  of  it  being  required  to  carry  on  this  process. 
According  to  a  bulletin  of  the  Indiana  Station — 

The  horse  requires  from  64  to  80  pounds,  or  8  to  10  gallons  per  day,  a  gallon  of 
water  weighing  8  pounds.  During  the  months  of  February  and  March  five  horses 
drank  from  48  to  60  pounds  per  bead  when  not  at  work,  and  from  62  to  84  pounds 
while  at  work.  Forty-four  per  cent  of  the  water  was  drunk  in  the  forenoon  and  56 
per  cent  in  the  afternoon. 

Cattle  drink  more  than  horses.  During  the  period  above  referred  to,  cows  not 
giving  milk  drank  78  pounds  and  cows  in  full  flow  of  milk  drank  112  pounds  per 
day.  The  largest  drink  was  122  pounds,  and  the  greatest  amount  taken  by  one  ani- 
mal in  one  day  was  176  pounds.  The  Utah  Experiment  Station  found  that  steers 
feeding  upon  dry  feed  required  83  pounds  of  water  per  day,  while  those  fed  upon 
green  food  consumed  only  33  pounds  per  day.  Cattle  drank  72  per  cent  of  water  in 
the  morning  and  28  per  cent  in  the  evening. 

Pigs  fed  corn  and  skim  milk  (3  pounds  per  day)  drank  2.65  pounds 
of  water  per  day;  those  fed  wheat  and  skim  milk,  5.2  pounds;  those 
fed  corn,  wheat,  and  skim  milk,  3.9  pounds;  those  fed  soaked  wheat 
and  skim  milk,  5.3  pounds.  The^e  figures  indicate,  as  in  the  experi- 
ments with  steers  at  the  Utah  Station,  that  the  amount  of  water  drunk 
is  influenced  to  a  considerable  extent  by  the  character  of  the  food. 

No  attempt  has  been  made  to  determine  the  quantity  of  water  needed  daily  for 
sheep.    *    *    •    They  drink  comparatively  Uttlo  water  while  upon  pasture.    They 
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oan  endure  priyation  as  regards  water  far  beyond  other  domestic  animals.  This  Ium 
led  to  the  belief  common  among  farmers  that  sheep  do  not  need  water  and  that  dew 
is  snfficient.  This  is  a  lerioos  mistake,  and  accounts  for  the  loss  of  many  hundred 
lambs  iu  this  State  every  year. 

'  The  number  of  times  an  animal  will  drink  during  the  day,  when  allowed  fhll 
opportunity,  is  not  known,  but  is  indicated  in  a  general  way  by  the  stomach.  The 
stomach  of  the  horse  is  small  and,  as  might  be  supposed,  does  not  require  mack 
water  at  a  time,  but  often.  The  stomach  in  cattle  is  yery  large>  and  rumination  (chew* 
ing  the  cud)  is  performed.  This  necessitates  saturating  the  food  with  water  Hefot^ 
rumination  can  take  place,  and  probably  expluns  why  so  much  water  is  drunk  in 
the  morning. 

The  above  facts  make  it  clear  that  we  may  expect  a  close  and  impor- 
tant relationsliip  between  water  supply  and  disease  in  domestic  animals, 
and  this  fact  is  most  strikingly  demonstrated  when  the  snpply  is  insoffi- 
cient  or  is  contaminated  with  matter  which  causes  disease. 

The  diseases  which  arise  as  a  result  of  supplying  water  in  insufficient  quantities 
or  not  providing  water  in  accessible  places  are  sporadic  in  character;  tlmt  is,  affect 
only  an  occasional  animal,  or  a  few  in  a  herd  or  flock.  Probably  the  most  serious 
disease  having  such  cause  is  mad  itch  in  cattle.  This  occurs  especially  iu  the  fall 
of  the  year,  when  the  cattle  are  upon  dry  pasture  or  when  turned  in  upon  a  dry 
stalk  field.  It  may  occur  at  other  times,  and  also  be  due  to  other  causes,  but  with- 
out doubt  90  per  cent  of  the  cases  occurring  in  this  State  are  diroctly  traceable  to  this 
cause.  Sheep  also  suffer  from  impaction  and  ccmstipation,  and  large  numbers  die  for 
want  of  proper  water  snpply.  Hogs,  especially  young  ones,  often  succumb  from 
like  treatment.  Horses  probably  suffer  least  loss,  because  they  receive  the  greatest 
care  in  this  respect,  but  no  doubt  many  cases  of  colic,  impaction,  and  constipation 
are  traceable  to  this  source. 

The  losses  that  arise  from  an  insuiScient  water  snpply  are  small  com- 
pared with  those  caused  by  water  of  an  improper  character.  Water 
which  comes  from  deep  wells,  properly  protected,  is  free  from  disease 
germs;  that,  however,  which  comes  from  ponds,  ditches,  and  streams 
may  contain  such  germs*  ^^J^ot  all  surface  waters  are  dangerous^  but 
all  are  more  or  less  exposed  to  infection,  and  may  become  dangerous  at 
anytime.^  ;. 

Careful  investigation  has  shown  that  hog  cholera  has  bepii'Iai^gely 
disseminated  in  Indiana  by  contaminated  streams,  thus  bearing  put  the 
conclusions  from  investigations  by  the  Bureau  of  Animal  Industry  of 
this  Department  that  <<  perhaps  the  most  potent  agents  in  the  distri-' 
bution  of  hog  cholera  are  streams.  ♦  ♦  ♦  The  first  step  to  be  taken 
in  the  prevention  of  hog  cholera  is  the  securing  of  a  wholesome  water 
supply.'' 

There  are  numerous  parasitic  diseases  to  which  all  animals  are  sub- 
ject. Water  is  necessary  to  the  growth  of  these  and  is  an  important 
carrier  of  them.  Such  parasitic  diseases  as  twisted  stomacH  worlnSi 
nodular  disease,  paper  skin,  liver  fluke,  and  lung  worm  of  sheep,  and 
worms  in  hogs,  horses,  and  cattle,  are  largely  due  to  surface  water. 
<*Pure  water  from  deep  wells  is  the  preventive.^^ 
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COOLING  OF  CHEESE-CUBIHO  BOOMS. 

The  importance  of  properly  constracted  cheese-curing  rooms,  with 
provision  for  regulating  the  temperature,  was  emphasized  in  the  report 
of  the  Wisconsin  Experiment  station  for  1897,  and  a  more  recent  bul- 
letin of  the  station  gives  practical  recommendations  on  this  point: 

The  watchfal  eye  of  tLe  maker  is  too  often  diverted  fVom  the  cheese  at  soon  as  it 
is  placed  upon  the  shelves.  Inspection  of  the  conditions  under  which  cheese  it 
cured  in  this  country  almost  without  exception  shows  that  the  details  of  the  curing 
process  receive  little  or  no  attention.  Curing  rooms  are  huilt  in  the  cheapest  possi- 
ble manner.  No  attempt  is  made  to  control  the  temperature  or  the  moisture  content 
of  the  same.  It  is  not  at  all  uncommon  to  find  cheese  stored  in  places  the  tempera- 
ture of  which  is  subject  to  almost  as  much  fluctuation  as  the  outside  air. 

The  result  is  not  only  a  temperature  far  too  high  for  proper  cheese 
ripening,  bat  sudden  fluctuations  in  the  temperature,  which  are 
extremely  undesirable.  The  effect  of  the  high  temperatures  is  very 
deleterious  to  the  quality  of  cheese,  resulting  in  the  melting  and  leak- 
ing out  of  the  fat  and  a  serious  injury  to  the  texture  and  flavor  of  the 
cheese.  This  was  demonstrated  by  the  station  in  a  series  of  experi- 
ments, in  which  cheese  was  cured  under  conditions  which  ordinarily 
prevail  at  cheese  factories  in  the  State,  and  also  in  rooms  where  the 
temperature  was  carefully  controlled.  The  cheese  cured  at  a  high  tem- 
perature "had  a  rank  flavor  and  a  value  not  exceeding  3  or  4  cents  a 
pound,''  whereas  the  cheese  cured  at  55^  F.  and  below  was  invariably 
of  good  quality  and  entirely  free  from  all  bitter  flavor,  and  was  rated 
by  an  expert  at  7f  cents.  The  limit  to  the  safety  zone  is  said  to  be 
about  65^  F.,  and  a  temperature  of  from  65°  to  75^  is  regarded  as  haz- 
ardous, while  a  temperature  above  75  degrees  is  regarded  as  invariably 
detrimental. 

Ko  matter  how  carefully  an  above-ground  curing  room  has  been 
constructed,  if  the  temperature  is  to  be  held  below  65^  it  must  be 
artificially  cooled  by  some  method.  This  may  be  effected  by  (1)  venti- 
lating with  night  air,  (2)  ventilating  through  horizontal  subearth  ducts, 
(3)  ventilating  through  deep  vertical  subearth  ducts  and  wells,  (4)  the 
use  of  cold  water,  (5)  ventilating  over  ice,  (6)  evaporation  of  water,  and 
(7)  mechanical  refrigeration.  The  bulletin  considers  only  the  first  three 
methods. 

COOLINa  B7  VBNTILATINa  WITH  NiaHT  AIR. 

Where  rooms  are  cooled  by  ventilating  with  night  air,  some  means 
n^'jist  ])Q  adopted  for  forcing  the  air  into  and  out  of  the  rooms.  The 
simplest  means  is  the  use  of  a  10-inch  galvanized-iron  flue,  rising  from 
the  curing  room  not  less  than  15  feet  above  the  ridge  of  the  roof  of  the 
factory  and  terminating  in  a  wind  funnel.  While  night  ventilation  is  an 
improvement  over  no  effort  to  control  the  temperature,  it  is  not  believed 
that  it  will  give  the  best  results. 
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COOUNa  B7  VJBNTILATINa  THROUGH  HORIZONTAL  SUBEARTH 

DUCTTS. 

Professor  KiDg^  of  the  station,  has  given  considerable  study  to  cooling 
by  means  of  sabearth  ducts,  and  as  a  result  of  his  work  several  factories 
in  Wisconsin  have  been  equipped  with  such  ar- 
rangements. These  ducts  may  be  horizontal  or 
vertical.  Au  illustration  of  a  horizontal  duct  is 
given  in  fig.  1.  The  horizontal  subearth  duct  to 
be  most  effective  should  not  be  less  than  12  feet 
below  the  surface  and  have  a  length  of  at  least 
100  feet.  The  d-uct  may  be  a  single  flue  made  of 
cement  tile,  or  a  multiple  duct  made  of  a  series  of 
drain  tiles  laid  in  tiers.  The  multiple  duct  cools 
the  air  more  eflfectually,  as  it  presents  the  larger 
cooling  surface,  but  the  air  does  not  pass  through 
it  as  fast  as  through  the  single  duct,  especially 
when  the  wind  is  light.    Accordingly,  on  days 
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PiO.  l.-^Sectioo  ef  eheese-ctirioic  room  and  horizoDtal  maltiple  enbearth  duct:  A,  inlet  to  curing 
room ;  D,  end  of  subearth  duct  in  bricked  entrance  to  factory ;  C,  cross  section  of  the  multiple 
duett;  D,  S,  bricked  entrance  under  funnel  at  outer  end  of  tubearlli  duct;  F,  ftajmel  with  month 
89  inchea  across ;  G-,  vana  to  hold  funnel  to  the  vind. 

when  the  wind  is  light  the  multiple  duct  may  not  be  as  effective  a3  the 
single  duct  of  the  same  total  cross  section  and  length.    Professor 
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KiDg  recommends  either  three  rows  of  10-inch  tile  or  five  rows  of 
8-iuch  tile.  The  cost  would  be  about  the  same  in  both  cases.  The  tilo 
may  be  placed  side  by  side,  or  the  trench  may  be  dug  narrower  and  a 
foot  or  two  deeper  and  the  tile  placed  one  above  the  other.  The  flue 
for  conducting  the  air  from  the  funnel  to  the  duct  may  be  made  of 
plank  with  the  inside  opening  12  inches  square,  or  of  galvanized  iron 
with  a  diameter  of  12  inches.  The  latter  is  considered  preferable,  as  it 
is  not  so  likely  to  leak  air.  Fifty  feet  in  height  is  considered  sufficient 
for  this  flue  unless  there  are  obstructions  to  the  wind.  The  construc- 
tion of  tUe  funnel  is  shown  in  fig.  2. 


Fia.  2.— Showing  how  funnel  and  yane  may  be  mounted:  A,  funnel;  B,  shaft  of  funnel;  C.  C,  C, 
1-inch  gas  pipe;  D,  D,  1^-inoh  gas  pipe;  E.  cap  for  support  of  l-inch  gas  pipe;  F,  G,  H,  and  M  M 
and  K  K  are  stays  of  band  iron  bolted  together  and  to  the  sides  of  the  shaft  to  support  the  axis 
of  the  ftmnel;  J,  weather  collar  to  turn  rain  oat  of  shaft;  K,  L,  band  iron  to  stiffen  rano  and 
attach  it  to  funnel. 


COOLINa    BY   VBNTILATINa    THROUaH    DEEP    VERTICAL    SXTB- 

EARTH  DUCTS. 

If  it  is  possible  to  go  down  some  distance  before  striking  water,  ver- 
tical ducts  may  be  successfully  used.  These  require  less  piping,  which 
will  reduce  the  friction  and  hence  give  a  greater  current  in  lighter 
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•  winds  than  in  tlie  case  of  long  horizontal  dncts.  It  is  reoommended  to 
make  the  vertical  dact  not  less  than  25  or  30  feet  in  depth  if  practica- 
ble. Its  construction  is  shown  in  fig.  3.  An  ordinary  well  is  dog  about 
40  inches  in  diameter,  with  the  large  inlet  pipe  in  the  center  and  sur- 
rounded by  thirteen  lines  of  O-inch 
drain  tile  or  5-inch  galvanized 
iron  pipe,  the  earth  being  closely 
packed  between  the  different  lines 
of  pipe.  The  upper  end  of  this 
system  of  pipes  leadgi  into  a 
chamber  which  communicates 
directly  with  the  curing  room. 
In  practical  experience  in  a 
cheese  factory  in  Wisconsin  a 
well  04  feet  deep  used  as  a  sub- 
earth  duct  was  found  to  be  quite 
efficient.  Professor  King  believes 
that  the  closed  well  will  be  found 
more  serviceable  than  the  open 
well,  and  more  effective  than  the 
much  longer  horizontal  ducts 
which  have  been  built. 

COOLINa  THE  SOIL  FOR  SHORT 
DUCTS. 

Where  it  is  impracticable  to  go 
deeper  than  15  or  20  feet  without 
striking  water,  the  well  may  be 
constructed  as  just  described,  and 
the  space  between  the  air  flues 


A/l 


Fig.  8.— Showing  Tertical  saboarth  duct :  A,  brick  chamber  25  to  30  feot  below  snrface  and  40  inche« 
insido  diametor;  B,  tile  or  condactor  pip«  of  galTaniied  iron;  C,  maiB  shaft  of  fansel;  D,  brlek 
chamber  at  upper  end  of  duct. 

filled  in  with  sandy  soil  or  fine  sand  and  this  cooled  by  pumping  cold 
water  from  the  well  upon  it  once  a  week  or  oftener.  Where  this  is 
done,  galvanized  iron  flues  are  preferable  to  drain  tile,  which  will  allow 
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water  to  percolate  into  them.  The  bottom  of  the  duct  should  be  at 
least  4  feet  above  standing  water  in  the  ground,  so  as  to  give  good 
drainage. 

COOLING  "WITH  AIR  FORCED  THROUGH  COLD  ^WATBR. 

Where  the  ground  water  is  so  close  to  the  surface  that  a  vertical 
duct  could  not  be  made  more  than  12  or  15  feet  deep,  a  cistern  about  5 
or  6  feet  in  diameter  may  be  constructed  and  the  air  cooled  by  passing 
it  through  a  system  of  pipes  in  the  cistern,  as  shown  in  fig.  4.  The 
flue  for  introducing  the  air  runs  down  to  the  bottom  of  the  cistern, 
where  it  connects  with  an  air-tight  drum,  into  which  are  soldered  13 
or  more  5-inch  flues  of  galvanized  iron,  10  feet  long,  which  communi- 
cate with  a  second  drum  at  the  surface  of  the  cistern.  The  air  passes 
down  through  the  center  flue,  is  distributed  to  the  13  or  more  pipes, 
which  are  surrounded  by  water,  and  rises  to  the  upper  drum,  from 
which  it  is  led  into  the  curing  room.  The  water  in  the  cistern  can  be 
changed  from  time  to  time  if  it  is  found  that  the  air  is  coming  into  the 
curing  room  too  warm. 

Whatever  form  of  duct  is  used,  it  is  necessary  to  control  the  entrance 
of  the  air  into  the  curing  room  by  means  of  a  damper,  because  when 
the  wind  is  strong  the  air  may  pass  through  the  duct  so  rapidly  as 
not  to  be  properly  cooled.  If  it  is  found  that  the  air  is  coming  in  too 
warm  the  current  should  be  partly  shut  off.  In  factories  provided  with 
an  engine  the  air  may  be  blown  through  the  coldair  duct  by  means  of 
a  small  blower.  Tlie  blower  could  be  used  at  times  when  the  funnel 
did  not  work. 

From  observations  which  Professor  Eang  has  made  in  factories  pro- 
vided with  these  means  of  cooling,  it  appears  that  with  subearth  ducts 
the  temperature  of  the  curing  rooms  may  be  held  at  least  as  much  as 
70  to  IQo  F.  lower  than  the  temperature  of  the  outside  air  during  the 
hottest  portion  of  the  day. 

;V         CONSTRUCTION  OF  CHEESE-CUBINO  BOOMS. 

The  eflBcieucy  of  the  methods  described  above  for  cooling  cheese- 
curing  rooms  in  summer  depends  very  much  upon  the  thoroughness  of 
the  construction  of  the  rooms,  by  which  the  outside  air  is  excluded. 
If  anything  like  the  full  efifectiveness  of  the  subearth  duct  is  to  be 
obtained,  two  important  points  must  be  secured :  (1)  The  walls  must  be 
so  tight  that  the  pressure  and  suction  of  the  wind  on  the  building  do 
not  drive  out  the  cool  air  and  leave  in  its  place  the  warm  air  of  the  out- 
side, and  (2)  the  walls  must  be  sufficiently  poor  conductors  to  permit  a 
relatively  small  amount  of  air  from  the  subearth  duct  to  remove  all  of 
the  heat  which  penetrates  the  walls.  If  the  walls  permit  any  air  to 
pass  through,  then  to  that  extent  will  the  air  coming  through  the  duct 
be  decreased.    The  object  sought  in  the  construction  of  the  perfect 
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Flo.  i — Showing  method  of  cooling  air  with  cold  wator :  A,  curing  room ;  B,  doot  leading  into  enifng  . 
room;  C,  E,  galvanized  iron  drums,  air  and  water  tight;  F,  thirteen  or  more  5-iiich  flues  of  galvan* 
tzed  iron.  10  foot  long,  soldered  watertight  to  drums  to  cool  air;  D,main  air  duct  flrom  funnel  t 
G, water  pipe  from  pamp;  H,  overflow  pipe;  I, damper  in  main  shaft;  J, 4-inch  pipe  leading  tivm 
blower  to  use  when  there  is  no  wind;  K^smoka  stack  of  boUer;  Li,yantiialor  from  earing  loni 
to  smoke  stack;  N,  boiler. 
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earing  room  is  to  prevent  the  entrance  of  any  air  except  through  the 
snbearth  duct,  or  by  an  opening  especially  provided  to  be  used  only 
when  the  air  Arom  the  dact  is  too  cold  or  too  damp. 

In  the  bulletin  of  the  Wisconsin  Station  noted  above,  Professor  King 
gives  detailed  directions  for  the  proper  construction  of  curing  rooms 
of  wood  and  masoiiry. 

WOODEN  ABOVE-GROUND  CURINO  ROOM. 

The  wooden  structure  is  considered  best  for  a  curing  room  entirely 
above  ground.  The  room  is  best  located  on  the  north  side  of  the  build- 
ing, away  from  the  direct  rays  of  the  sun,  and  the  windows  and  door 
should  fit  closely  and  be  built  and  closed  on  the  refrigerator  plan, 
if  practicable.  The  walls  should  be  constructed  on  the  principle  of 
cold  storage  and  icehouse  buildings.  They  should  be  sheathed  on  the 
outside  of  the  studding  with  matched  sheathing  and  drop  siding,  with 
a  layer  of  three-ply  acid-proof  and  waterproof  paper  between,  and  on 
the  inside  with  at  least  two  layers  of  matched  sheathing,  with  a  layer 
of  the  three-ply  paper  between.  A  still  better  construction  is  to  leave 
a  dead-air  space  inside  the  studding,  and  to  fill  in  the  space  between  the 
studding  with  sawdust  or  some  similar  material.  The  construction  is 
shown  in  fig.  5.  The  ceiling  and  floor  should  also  consist  of  two  thick- 
nesses of  matched  lumber,  with  a  layer  of  three-ply  acid-proof  and 
waterproof  paper  between,  great  care  being  exercised  to  make  the 
joints  tight  at  the  corners. 

UNDERGROUND  CURING  ROOMS. 

Where  practicable,  underground  curing  rooms  may  be  built  in  which 
the  temperature  through  the  hot  season  can  be  maintained  as  low  as 
580  to  0:30  if  desired.  To  utilize  the  ground  temperature  to  best  advan- 
tage, the  curing  room  should  be  not  less  than  9  feet  below  the  level  of 
the  ground,  and  10  or  12  feet  is  considered  better.  The  walls  are  best 
made  of  stone  up  to  within  5  feet  of  the  surface,  above  which  a  more 
nonconducting  material  or  construction  should  be  employed.  This 
upper  portion  may  be  made  of  stone,  brick,  or  hollow  building  tile,  laid 
so  as  to  give  an  air  space.  The  inside  finish  should  be  carried  up 
between  the  joists,  so  that  when  the  ceiling  is  put  on  no  open  joints 
will  be  left.  The  floor  should  be  of  concrete,  since  the  cooling  efiect 
is  derived  chiefly  from  the  floor.  This  concrete  should  be  laid  with 
care,  and  the  finishing  coat  should  be  smooth  and  hard  so  as  to  give  a 
glossy  surface  which  will  be  water  tight  and  easy  to  clean.  The  ceiling 
should  be  made  of  wood  in  the  same  manner  as  described  above  for  the 
wooden  curing  room. 

In  case  the  caring  room  oocapies  the  bank  end  of  the  basemeni  of  the  faotorj,  it 
will  he  necessary  to  hnild  the  partition  between  it  and  the  work  room  with  the  same 
oare  to  exclade  heat  as  if  it  were  an  outside  wall  wholly  above  ground.  If  the  par- 
tition is  of  wood,  the  side  next  to  the  oaring  room  should  hare  two  thicknessee  of 
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tongned  and  grooved  flooriDg  with  a  layer  of  paper  between,  and  the  door  should 
be  double  and  closed  and  fastened  on  the  refrigerator  plan.  Windows  should  also 
be  donblo  and  very  close  fitting,  and  if  light  enough  can  be  secured  from  the  north 
side,  windows  should  only  be  placed  here. 

CENTR^I.  CHEESE-CURINa  ROOMS. 

On  account  of  tbe  expense  of  constructing  suitable  curing  rooms, 
"with  arrangements  for  holding  the  temperature  within  the  danger  limil^ 
the  Wisconsin  Station  has  advocated  central  cooperative  curing  rooms 


Fio.  5.— Showing  the  constmction  of  wooden  curing  room:  1,  1, 1,  Mil;  2,2, 2, a 2 by  10  plank  spiked 
to  ends  of  joist;  3,  3,  3,  a  2  by  4  scantling  spiked  down  after  first  layer  of  floor  is  laid  to  toe-nail 
stads  to;  4,  4,  4,  a  2  by  4  scantling  spiked  to  upper  ends  of  studding  of  first  story;  A,  A,  A,  A, 
three-ply  acid  and  waterproof  paper.  The  drawing  in  the  center  shows  space  between  studding 
filled  with  sawdust  and  another  deadair  space  to  be  used  when  the  best  ducts  can  not  be  provided. 

or  stations  in  regions  where  cheese  factories  are  sufficiently  thickly 
located.  The  cheese  from  a  number  of  factories  would  be  shipped  to 
these  central  curing  rooms  at  frequent  intervals  and  ripened  under  safe 
and  uniform  conditions.  Where  a  number  of  factories  are  operated 
under  the  same  management  this  system  would  seem  to  be  especially 
applicable.    Aside  from  the  improved  quality  of  the  product  and  the 
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higher  price  secured^  the  system  ^onld  be  more  economical,  being  an 
extension  of  the  cooperative  plan^  and  would  permit  the  employment 
of  experts  to  care  and  care  for  the  cheese.  Moreover,  it  would  facili- 
tate the  Sale  of  the  product,  making  it  iM>38ible  for  bnyers  to  personally 
inspect  large  amounts  of  uniformly  cured  cheese;  would  reduce  trans- 
portation charges,  as  large  shipments  could  be  made,  and  would  enable 
the  cheese  makers  to  hold  their  product  in  cold  storage  without  detriment 
until  the  conditions  were  favorable  for  selling. 

iKEioATioH  nrvEBTieATioirs. 

The  appropriation  act  for  the  U.  S.  Department  of  Agriculture  for 
the  fiscal  year  ending  June  30, 1809,  made  provision  for  the  collection 
<^from  agricultural  colleges,  agricultural  experiment  stations,  and  other 
sources,  including  the  employment  of  practical  agents,  of  valuable 
information  and  data  on  the  subject  of  irrigation,  and  publishing  the 
same  in  bulletin  form."  Congress  at  its  last  session  increased  the 
appropriation  for  this  work,  authorizing  the  Secretary  of  Agriculture 
<^to  investigate  and  report  upon  the  laws  and  institutions  relating  to 
irrigation  and  upon  the  use  of  irrigation  waters,  with  special  sugges- 
tions of  better  methods  for  the  utilization  of  irrigation  waters  in  agri- 
culture than  those  in  common  use." 

The  Office  of  Experiment  Stations,  to  which  the  work  thus  provided 
for  was  assigned  by  the  Secretary  of  Agriculture,  has,  after  consulta- 
tion with  experiment  station  officers  and  irrigation  engineers  familiar 
with  the  conditions  of  the  irrigated  region,  undertaken  to  organize 
investigations  in  the  following  general  lines:  (1)  The  collation  and 
publication  of  information  regarding  the  laws  and  institutions  of  the 
irrigated  region  in  their  relation  to  agriculture,  and  (2)  the  publica- 
tion of  available  information  regarding  the  use  of  irrigation  waters  in 
agriculture  as  shown  by  actual  experience  of  formers  and  by  expe- 
rimental investigations.  Elwood  Mead,  formerly  State  engineer  of 
Wyoming,  who  has  had  a  long  and  successful  experience  as  irrigation 
engineer  and  administrator  of  irrigation  laws,  and  is  familiar  with  the 
agricultural  conditions  of  the  arid  region,  was  given  immediate  direc- 
tion of  the  work,  with  headquarters  at  Cheyenne,  Wyo. 

In  recognition  of  the  special  fkcilities  possessed  by  the  experiment 
stations  for  investigations  in  irrigation  as  well  as  of  the  value  of  the 
work  already  done  by  some  of  them,  the  act  of  Congress  above  referred 
to  authorizes  and  directs  these  institutions  <<  to  cooperate  with  the  Sec- 
retary of  Agriculture  in  carrying  out  said  investigations  in  such  manner 
and  to  such  extent  as  may  be  warranted  by  a  due  regard  to  the  varying 
conditions  and  needs  of  the  respective  States  and  Territories  and  as 
may  be  mutually  agreed  upon." 

In  pursuance  of  the  plan  of  work  adopted,  the  representative  of  the 
Department  has  made  a  study  of  the  laws  and  institutions  of  a  portion 
of  the  irrigated  region,  and  the  results  thus  fyx  attained  have  been  pub- 
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lisbed  in  two  bulletins.^  The  first  of  these  discasses  the  laws  which 
coutrol  the  diversion  and  use  for  irrigation  of  the  waters  of  the  Mis- 
souri Eiver  and  its  tributaries,  embracing  the  States  of  OoloradOi 
Kansas,  Montana,  Nebraska,  iN^orth  Dakota,  South  Dakota,  and  Wyo- 
ming, and  the  Northwest  Territories  of  Canada.  The  second  bulletin 
gives  abstracts  of  the  laws  for  acquiring  titles  to  water  in  the  same 
region,  with  the  legal  forms  in  use. 

No  one  can  read  these  bulletins  without  realizing  that  the  farmer 
from  regions  of  ample  rainfall  who  emigrates  to  the  arid  West  has 
many  things  to  learn  besides  how  to  build  laterals  and  how  and  when 
to  spread  the  water  they  carry  over  thirsty  fields.  The  knowledge  and 
skill  required  to  distribute  the  water  is  soon  acquired,  but  the  working 
out  of  social  and  indnstrial  institutions  which  will  place  the  rivers, 
which  govern  the  value  of  every  farm  they  fertilize,  under  some  form  of 
public  control  which  will  secure  their  just  distribution  and  prevent 
their  becoming  the  subject  of  speculation  or  corporate  monopoly  is 
proving  in  the  Western  States,  as  it  has  in  every  irrigated  land  old 
enough  to  have  a  history,  to  be  the  enduring  and  important  problem 
for  farmers  to  solve,  and  the  one  on  which  the  reward  of  their  industry 
and  the  value  of  their  farms  ultimately  depend. 

The  present  situation  in  the  States  included  in  the  discussion  is  thus 
set  forth : 

For  every  acre  of  irrigated  land  there  Las  to  be  a  riglit  to  water.  TLo  title  to  tho 
latter  is  of  as  much  importance  as  the  deed  to  the  land.  It  is  much  harder  to  estab- 
lish. These  rights  take  more  forms  than  the  rivers  they  coutrol,  and  are  acquired 
by  as  many  methods  as  there  are  States  to  frame  laws.  In  one  respect  they  are 
alike :  No  matter  whether  the  user  of  water  derives  his  title  direct  from  the  State, 
buys  it  from  a  ditch  company  which  furnishes  water  for  hir^,  or  from  the  holder  of  a 
speculative  claim,  it  is  a  source  of  more  perplexity  at  the  outset,  and  of  more  hours 
of  anxious  thought  afterwards,  than  all  the  other  problems  of  irrigation  combined. 
This  is  due  in  part  to  the  fact  that  the  ownership  of  streams  is  new  and  the  nature 
of  property  rights  therein  uncertain;  but,  whatever  the  reason,  the  fact  remains 
that  the  irrigator  whose  water  right  does  not  furnish  grounds  for  either  an  inqniry 
or  ft  grievance  is  a  rare  exception.  Nor  are  irrigators  alone  in  finding  the  limits  of 
a  water  right  hard  to  define  or  the  problems  of  stream  ownership  hard  to  solve. 
Lawmakers  and  courts  have  both  found  them  equally  perplexing. 

The  reasons  for  this  are  not  obscure.  Because  of  uncertainty  of  what  these  rights 
should  be,  or  difference  of  opinion  on  that  question,  the  irrigation  laws  of  many 
States  have  been  made  so  ambiguous  and  contradictory  that  the  finite  intellect  is  not 
able  to  interpret  their  raeaniug.  As  a  result  there  are  laws  and  court  decisions  to 
sustain  about  every  view  of  stream  ownership  of  which  the  mind  of  mau  can  con- 
ceive, and  in  some  cases  they  are  aU  found  in  the  statutes  and  decisions  of  a  single 
State.    •    •    • 

On  many  rivers  there  are  now  a  multitude  of  claims  to  the  common  supply.  These 
rights  have  to  be  defined  in  some  way.  If  laws  do  not  define  them,  then  a  resort  to 
the  courts  is  all  that  intervenes  between  the  just  claims  of  water  users  and  anarchy. 
In  many  States  the  exigencies  created  by  a  failure  to  enact  an  administrative  code 
have  compelled  the  courts  to  become  practically  both  the  creators  and  enforcers  of 
water  laws.    They  have  to  devise  a  procedure  for  adjudications,  supplement  the 

^  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Buls.  58  and  60. 
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statute  law  in  deciding  what  rights  have  been  established,  and  finally  have  to  pro- 
tect irrigators'  priorities  by  a  liberal  exercise  of  government  by  injunction.  ITie 
growing  volume  of  this  litigation,  the  uncertain  and  contradictory  character  of 
many  of  the  decisions,  is  making  it  a  heavy  burden  to  irrigators  and  a  serious  men- 
ace to  progress.  Unless  it  can  in  some  way  be  restricted,  it  threatens  to  impair  the 
value  of  investments  in  ditches  and  the  success  of  this  form  of  agriculture.  In  ten 
years  the  water-right  litigation  of  one  State  is  estimated  to  have  cost  over  a  million 
dollars.  In  many  sections  it  has  exceeded  the  money  expended  in  constructing  the 
ditches  in  which  it  has  its  origin.     •    *    • 

In  considering  the  problems  which  these  different  State  laws  present,  none  seem 
more  perplexing,  nor  in  a  larger  aspect  more  illogical,  than  the  change  which  occurs 
in  the  control  and  in  the  forms  of  ownership  of  a  river  when  it  crosses  a  State  bound- 
ary. *  *  *  So  far  as  the  productions  or  the  needs  of  its  farmers  are  concerned, 
there  is  no  more  reason  for  half  a  dozen  water  laws  in  the  Missouri  River  watershed 
thao  there  would  be  for  that  many  different  systems  for  acquiring  titles  to  land.  On 
the  other  hand,  the  complications  which  would  grow  out  of  a  half  dozen  land  sys- 
terns  are  not  to  be  compared  to  the  complications  which  are  being  created  by  half  a 
dozen  different  water  laws,  beoaose  these  different  titles  to  water  and  different 
methods  of  acquiring  them  all  apply  to  a  common  supply. 

Perhaps  the  most  nsefal  portion  of  tho  bulletins  is  the  explanation 
of  the  several  State  laws  and  the  description  of  the  procedure  which 
farmers  have  to  follow  in  making  and  recording  water-right  filings. 
2^0  one  subject  is  a  source  of  greater  perptexity  to  the  beginner  than 
the  establishment  of  a  priority  of  right  in  the  stream  he  diverts  and 
nothing  has  caused  greater  hardship  or  loss  than  failnre  through  lack 
of  knowledge  to  conform  to  existing  laws.  The  explanations  of  State 
systems  are  given  in  detail,  so  that  the  bulletins  constitute  a  manual  of 
forms  as  well  as  a  discussion  of  principles. 

In  pursuance  of  the  second  line  of  work  determined  upon,  extensive 
investigations  on  the  duty  of  water,  as  measured  by  the  actual  amounts 
of  water  used  by  successful  farmers  on  different  soils  in  growing  differ- 
ent crops,  are  being  inaugurated  with  the  cooperation  of  the  experiment 
stations,  irrigation  engineers,  and  practical  irrigators  in  different  parts 
of  the  arid  region.  It  is  believed  that  these  investigations  will  furnish 
the  information  regarding  the  quantity  of  water  required  to  irrigate  an 
acre  of  land,  which  is  a  necessity  in  every  irrigated  district  in  the  mak- 
ing of  water  contracts,  the  planning  of  works,  and  the  determination 
and  protection  of  rights  in  streams,  and  without  which  all  these  impor- 
tant transactions  have  to  be  based  largely  on  conjecture. 
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EXPLANATION  OF  TERMS. 


TERMS  USED  IN  DISCnSSXNG  FERTILIZERS. 

Complete  fertilizer  is  one  which  contains  the  three  essential  fertilizing  constitu- 
ents, i.  e.,  nitrogen,  phosphoric  acid,  and  potash. 

Nitrogen  existef  in  fertilizers  in  three  distinct  forms,  viz,  as  organic  matter,  as 
ammonia,  and  as  nitrates.    It  is  the  most  expensive  fertilizing  ingredient. 

Organic  nitrogen  is  nitrogen  in  comhinution  with  other  elements  either  as  vege- 
tahle  or  animal  matter.  The  more  yaluahle  sonrces  are  dried  hlood,  dried  meat, 
tankage,  dried  fish,  and  cotton-seed  meal. 

Ammonia  is  a  compound  of  nitrogen  more  readily  availahle  to  plants  than  organic 
nitrogen.  The  most  common  form  is  sulphate  of  ammonia,  or  ammonium  sulphate. 
It  is  one  of  the  first  products  that  results  from  the  decay  of  vegetahle  or  animal 
substances. 

Nitrates  furnish  the  most  readily  availahle  forms  of  nitrogen.  The  most  common 
are  nitrate  of  soda  and  nitrate  of  potash  (saltpeter). 

Phosphoric  acid,  one  of  the  essential  fertilizing  ingredients,  is  derived  from 
materials  called  phosphates.  It  does  not  exist  alone,  but  in  combination,  most  com- 
monly as  phosphate  of  lime  in  the  form  of  bones,  rock  phosphate^  and  phosphatic 
slag.  Phosphoric  acid  occurs  in  fertilizers  in  three  forms— soluble,  reverted,  and 
insoluble  phosphoric  acid. 

Potash,  as  a  constituent  of  fertilizers,  exists  in  a  number  of  forms,  hut  chiefly  as 
chlorid  or  muriate  and  as  sulphate.  All  forms  arc  freely  soluble  in  water  and  are 
believed  to  be  nearly,  if  not  quite,  equally  available,  but  it  has  been  found  that  the 
chlorids  may  injuriously  affect  the  quality  of  tobacco,  potatoes,  and  certain  other 
crops.  The  chief  sources  of  potash  are  the  potash  salts  from  Stassfurt,  Germany — 
kainit,  sylvinit,  muriate  of  potash,  sulphate  of  soda,  and  sulphate  of  potash  aud 
magnesia.    Wood  ashes  and  cotton-hull  ashes  are  also  sources  of  potash. 

TERMS  USED  IN  DISCUBBINa  FOODS  AND  FBEDINa  STUFFS. 

Water  is  contained  in  all  foods  and  feeding  stuffs.  The  amount  varies  from  8  to 
15  pounds  per  100  pounds  of  such  dry  materials  as  hay,  straw,  or  grain  to  80  pounds 
in  silage  and  90  pounds  in  some  roots. 

Dry  matter  is  the  pOttion  remaining  after  removing  or  excluding  the  water. 

Ash  is  what  is  left  when  the  combustible  part  of  a  feeding  stuff  is  burned  away. 
It  consists  chiefly  of  lime,  magnesia,  potash,  soda,  iron,  ohlorin,  and  carbonic,  sul- 
phuric, and  phosphoric  acids,  and  is  used  largely  in  making  bones.  Part  of  the  ask 
constituents  of  the  food  is  stored  up  in  the  animal's  body ;  the  rest  is  voided  in  the 
urine  and  manure. 

Protein  (nitrogenous  matter)  is  the  name  of  a  group  of  substances  containing 
nitrogen.  Protein  furnishes  the  materials  for  the  lean  flesh,  blood,  skin,  muscles,- 
tendons,  nerves,  hair,  horns,  wool,  casein  of  milk,  albumen  of  eggs,  etc.,  and  is  one 
of  the  most  important  constituents  of  feeding  stuffs. 

Albuminoids  is  the  name  given  to  one  of  the  most  important  groups  of  substances 
classed  together  under  the  general  term  protein.  The  albumen  of  eggs  is  a  type  of 
albuminoids. 
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Carbohydrates. — ^The  nitrogen-Aree  extract  and  fiber  are  often  classed  together 
nnder  the  name  of  carbohydrates.  The  carbohydrates  form  the  largest  part  of  all 
vegetable  foods.  They  are  either  stored  up  as  fat  or  burned  in  the  body  to  produce 
heat  and  energy.  The  most  common  and  important  carbohydrates  are  sugar  and 
starch. 

Fiber,  sometimes  called  crude  cellulose,  is  the  framework  of  plants,  and  is,  as  a 
rule,  the  most  indigestible  constituent  of  feeding  stuffs.  The  coarse  fodders,  such 
as  hay  and  straWj  contain  a  much  larger  proportion  of  fiber  than  the  grains,  oil 
cakes,  etc. 

Nttxogen-free  extract  includes  starch,  sugar,  gums,  and  the  like,  and  forms  an 
important  part  of  ^all  feeding  stuffs,  but  especially  of  most  grains. 

Fat,  or  the  materials  dissolved  from  a  feeding  staff  by  ether,  is  a  substance  of 
mixed  character,  and  may  include,  besides  real  fats,  wax,  tbe  green  coloring  matter 
of  plants,  etc*  The  fat  of  food  is  either  stored  up  in  the  body  as  fat  or  burned,  to 
famish  heat  uid  energy. 

MISCBLLANBOTTS  TERMS. 

Alkali  soils. — Soils  foand  in  arid  or  semiarid  regions,  which  contain  an  unusual 
amount  of  soluble  mineral  salts  (alkali),  which  effloresce  or  bloom  out  on  the  sur- 
face of  the  soil  in  the  form  of  a  powder  or  crust  in  dry  weather  following  rains 
or  irrigation.  Two  distinct  classes  of  alkali  are  known :  Black  alkali,  composed 
largely  of  carbonate  of  soda,  which  is  highly  corrosive  and  destructive  to  vegeta- 
tion; and  white  alkali,  the  characteristic  constituent  of  which  is  sodium  solphato, 
and  which  is  much  less  injurious  than  black  alkali. 

Duty  of  water. — As  applied  in  irrigation  this  term  means  the  area  which  a  defi- 
nite volume  of  a  continuous  flow  of  water  will  irrigate.  The  duty  of  a  cubic  foot 
per  second  may  be  taken  as  the  number  of  acres  of  land  which  a  continuous  dis- 
charge of  that  voltime  during  the  growing  season  will  irrigate. 
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FARMERS'   BULLETINS. 

These  ballet] ns  are  sent  free  of  charge  to  any  address  apon  application  to  the 
Secretary  of  Agriculture,  Washington,  D.  C.  Only  the  following  are  available  for 
distribution : 

No.  16.  Leguminoas  Plants  for  Green  Manuring  and  for  Feeding.  Pp.  24.  No.  19.  Important  Insec- 
ticides :  Directions  tor  Their  Preparation  and  Use.  Pp.  20.  No.  21.  Barnyard  Manore.  Pp.  32,  figs. 
7.  No.  22.  The  Feeding  of  Farm  Animals.  Pp.  32.  No.  23.  Foods :  Nutritive  Value  and  Cost  Pp. 
32,  charts  2.  No. 24.  Hog  Cholera  and  Swine  Plague.  Pp.10.  No. 25.  Peanuts:  Culture  and  Uses. 
Pp.24,  fig.  1.  No. 26.  Sweet  Potatoes:  Culture  and  Uses.  Pp.30,flgs.  4.  No. 27.  Flax  for  Seed  and 
Fiber.  Pp.16.  No.  28.  Weeds;  and  How  to  Sill  Them.  Pp.  32,  figs.  11.  No. 29.  Souring  of  Milk, 
and  Other  Changes  in  Milk  Prodncto.  Pp.  23.  No.  80.  Grape  Diseases  on  the  Pacific  Coast.  Pp.  15, 
figs. 3.  No.  31.  Alfalfa,  or  Lncem.  Pp.24,  figs. 3.  No. 32.  Silos  and  Silage.  Pp.  32, figs.  10.  No.  33. 
Pench  Growing  for  Market.  Pp.  24,  figs.  21.  No.  34.  Meats:  Composition  and  Cooking.  Pp  29, 
fig.'*.  4.  No.  35.  Potato  Culture.  Pp.  23,  figs.  8.  No.  80.  Cotton  Seed  and  Its  Products.  Pp.  16.  No. 
37.  Kafir  Com:  Characteristics,  Culture,  and  Uses.  Pp.  12,  fig.  1.  No.  38.  Spraying  for  Fruit 
Diseases.  Pp.  12,  fifiH.  6.  No.  30.  Onion  Culture.  Pp.  31,  figs.  3.  No.  40.  Farm  Drainage.  Pp.24, 
figs.  6,  No.  41.  Fowls:  Care  and  Feeding.  Pp.  24,  figs.  4.  No.  42.  Facts  About  Milk.  Pp.  29,  figs.  8. 
No.  43.  Sewage  Disposal  on  the  Farm,  and  Protection  for  Drinking  Water.  Pp.  20,  figs.  8.  No.  44. 
Commercial  Fertilizers:  Composition  |md  Use.  Pp.  24.  No.  45.  Some  Insects  Injurious  to  Stored 
Grain.  Pp.  24,  figs.  17.  No.  46.  Irrigation  in  Humid  Climates.  Pp.  27,  figs.  4.  No.  47.  Insects 
Afiecting  the  Cotton  Plant.  Pp.  32,  figs.  18.  No.  48.  The  Manuring  of  Cotton.  Pp.  10.  No.  40. 
Sheep  Feeding.  Pp.  24.  No.  50.  Sorghum  as  a  Forage  Crop.  Pp.  20,  fig.  1.  No.  51.  Standard  Varie- 
ties of  Chickens.  Pp.  48,  figs.  44.  No.  52.  The  Sugar  Beet.  Pp.  48.  figs.  24.  No.  53.  How  to  Grow 
Mushrooms.  Pp.  20,  figs.  14.  No.  54.  Some  Common  Birds  in  Their  Relation  to  Agriculture.  Pp. 
40,  figs.  22.  No.  55.  The  Dairy  Herd:  Its  Formation  and  Management  Pp.  24.  No.  50.  Experiment 
Stotion  Work— I.  Pp.  31,  figs.  10.  No.  57.  Butter  Making  on  the  Farm.  Pp.  15.  No.  58.  The  Soy 
Bean  as  a  Forage  Crop.  Pp.  24,  figs.  5.  No.  59.  Boo  Kueplng.  Pp.  82,  figs.  19.  No.  00.  Methods  of 
Curing  Tobacco.  Pp.  10.  No.  01.  Asparagus  Culture.  Pp.  40,  figs.  17.  No.  02.  Marketing  Farm 
Produce.  Pp.  28,  figs.  7.  No.  03.  Care  of  Milk  on  the  Farm.  Pp.  40,  figs.  9.  No.  04.  Ducks  and 
Geese :  Standard  Breeds  and  Management.  Pp.  48,  figs.  37.  No.  05.  Experiment  Station  Work-^H. 
Pp.  32,  figs.  7.  No.  60.  Meadows  and  Pastures  in  the  Middle  Eastern  States.  Pp.  28,  figs.  9.  No.  07. 
Forestry  for  Farmers.  Pp.  48,  figs.  15.  No.  08.  The  Black  Rot  ot  the  Cabbage.  Pp.  22,  fig.  1.  Ko. 
00.  ^Experiment  Station  Work— III.  Pp.  32,  figs.  2.  No.  70.  The  Principal  Insect  Enemies  of  the 
Grape.  Pp.  2»,  figs.  12.  No.  71.  Some  Essentials  in  Beef  Production.  Pp.  24,  figs.  17.  No.  72. 
Cattle  Ranges  of  the  Southwest.  Pp.  32,  figs.  0.  No.  73.  Experiment  Station  Work— IV.  Pp.  32, 
figs.  3.  No. 74.  Milk  ns  Food.  Pp. 39,  charU  2.  No. 75.  The  Grain  Smuts:  How  They  are  Caused 
and  How  to  Prevent  Them.  Pp.  20,  figs.  8.  No.  70.  Tomato  Growing.  Pp.  30.  No.  77.  The  Liming  of 
Soils.  Pp.19.  No.  78.  Experiment  Station  Work— V.  Pp.  32,  figs.  2.  No.  79.  Experiment  Station 
Work— VI.  Pp.28,  figs.  2.  No. 80.  The  Peach  Twig-borer:  An  Important  Enemy  of  Stone  Fruits. 
Pp.  16,  figs.  5.  No.  81.  Corn  Culture  in  the  South.  Pp.  24.  No.  82.  The  Culture  of  Tobacco.  Pp.  24. 
No.  83.  Tobacco  Soils.  Pp.  23.  fig.  1.  No.  84.  Experiment  Station  Work— VH.  Pp.  82,  figs.  8.  Ko.  86. 
Fish  as  Food.  Pp.  30.  No.  86.  Thirty  Poisonous  Plants.  Pp.  32,  figs.  24.  No.  87.  Experiment  Station 
Work- vm.  Fp.  32,  figs.  6.  No.  88.  Alkali  Lands.  Pp.  23,  fig.  1.  No.89.  Cowpeas.  Pp.  10,  fig.  1. 
No.  90.  The  Manufactare  of  Sorghum  Sirup.  Pp.  32,  figs.  9.  No.  91.  Potato  Diseases  and  Their 
Treatment.  Pp.  12,  figs.  4.  No.  92.  Experiment  Station  Work— IX.  Pp.  30.  No.  93.  Sugar  as  Food. 
Pp.27.  No.  94.  The  Vegetable  Garden.  Pp.  24,  figs.  8.  No. 95.  Good  Roads  for  Farmers.  Pp.47, 
figs.  49.  No.  90.  Raising  Sheep  for  Mutton.  Pp.  48,  figs.  18.  No.  97.  Experiment  Station  Work— X. 
Pp.  32,  figs.  5.  No.  98.  Suggestions  to  Southern  Farmers.  Pp.  48.  No.  99.  Three  Insect  Enemies 
of  Shade  Trees.  Pp.  30.  figs.  11.  No.  100.  Hog  Raising  in  the  South.  Pp.  40.  No.  101.  MiUets.  Pp. 
28,  figs.  6.  No.  102.  Southern  Forage  Plants.  Pp.  48,  figs.  14.  No.  103.  Experiment  Station  Work— XI. 
Pp.  32,  figs.  5.  No.  104.  Notes  on  Frost.  Pp.  24.  No.  105.  Experiment  Station  Work— XII.  Pp.  82, 
figs.  4.  No.  lOC.  Breeds  of  Dairy  Cattle.  Pp.  48,  figs.  21.  No.  107.  Experiment  Station  Work— XIII. 
(In  press.)  No  108.  Saltbushes.  (In  press.)  No.  109.  Farmers'  Reading  Courses.  (In  press.)  No. 
110.  Rice  Culture  in  the  United  States.    (In  press.) 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  Agbioultueb, 

Division  of  Publications, 

Washington^  B.  O.,  May  19y  1899. 
Sill:  1  have  the  honor  to  submit  tlio  following  manuscript,  prepared 
under  my  direction  in  accordance  with  your  instructions,  for  publica- 
tion as  Farmers'  Bulletin  No.  98. 

It  consists  of  a  summary  of  papers  read  at  an  Interstate  Fanners' 
Convention  held  at  Vicksburg,  Miss.,  February  8-10,  1899.  These 
papers  were,  in  accordance  with  your  proposition  to  the  managers  of 
this  convention,  supplied  to  the  Department  in  order  that  they,  or  a 
summary  of  them  covering  all  the  important  information  they  con- 
tained, might  be  published  in  such  a  form  as  would  make  this  informa- 
tion available  to  the  people  of  the  South  and  the  Southwest. 

The  preparation  of  this  matter  for  publication  having  been  assigned 
by  your  order  to  this  Division,  tlie  work  was  confided  to  Mr.  A.  I.  Mudd, 
who  has,  it  is  believed,  acquitted  himself  satisfactorily  of  the  somewhat 
delicate  task. 

Respectfully, 

Geo.  Wm.  Hill,  Chief. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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SUGGESTIONS  TO  SOUTHEEN  FAEMERS. 


IFTRODUCTION. 

At  an  Interstate  Fanners'  Convention  held  at  Yicksburg,  Miss.,  Feb- 
mary  8-10,1899,  many  prominent  and  representative  men  were  present, 
including  the  Hon.  James  Wilson,  Secretary  of  Agriculture  j  Governor 
Sbaw,  of  Iowa,  and  ex-Governor  Hoard,  of  Wisconsin. 

Addresses  of  welcome  were  delivered  by  Hon.  W.  L.  Trowbridge, 
mayor  of  Vicksburg;  Hon.  S.  S.  Hudson,  on  behalf  of  the  board  of 
trade,  and  Hon.  John  A.  Redhead,  on  behalf  of  the  agricultural  inter- 
ests  of  Mississippi,  to  which  suitable  responses  were  made  by  the  first 
three  gentlemen  mentioned. 

From  the  other  addresses  presented  at  this  convention,  which  were 
placed  in  the  hands  of  the  Secretary  of  Agriculture,  the  following  sum- 
maries have  been  prepared  by  his  direction.  The  necessity  of  conden- 
sation forbade  the  publication  of  all  these  pai>er8  in  full,  and  thus 
necessarily  much  of  the  eloquence  and  grace  of  diction  which  character- 
ized these  addresses  has  nnfortunately  been  lost;  but  an  earnest  effort 
has  been  made  to  preserve  of  each  one  all  the  practical  information  the 
speaker  sought  to  convoy.  Owing  to  the  fact  that  no  arrangements 
had  been  made  for  reporting  the  proceedings  in  full,  it  has  been  impos- 
sible to  reproduce  any  part  of  the  discussions  to  which  the  several 
papers  gave  rise. 

MISSISSIPPI  SOILS  AUB  THEIE  CAPABILITIES. 
DIVISIONS  OF  SOILS. 

Pro£  W.  L.  Hutchinson,  director  of  the  Mississippi  Experiment 
Station,  first  called  attention  to  a  colored  map  which  he  said  showed 
the  divisions  of  the  soils  of  Mississippi  essentially  as  made  by  Dr.  Hil- 
gard,  former  State  geologist.    The  divisions  are  as  follows: 

(1)  Kortheastem  prairie  region:  (a)  black  yellow  prairie,  (b)  Pon- 
totoc ridge;  (2)  flat- woods  region;  (3)  brown  and  yellow  loam  region; 
(4)  sandy-loam  oak  uplands  region;  (5)  cane  hills  region;  (6)  alluvial 
or  delta  region;  (7)  sandy-loam  and  central  prairie  region;  (8)  pino- 
woods  sandy  region. 

He  then  said  that  the  soils  of  the  Kortheastem  Prairie  region  are 
calcareous  clays.    Part  of  the  soils  are  black  and  part  are  known  as 
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yellow  or  post-oak  prairie.  In  tlie  western  part  of  this  region  tlie  land 
is  rolling  and  the  soils  of  the  hills,  as  a  rule,  are  yellow  clays,  while 
the  valleys  are  sandy  loams  formed  by  washings  from  the  hills.  The 
soils  of  the  flat  woods  are  somewhat  variable,  but  are  mainly  heavy 
days.    The  surface  is  level  and  therefore  the  drainage  is  not  good. 

The  yellow  and  brown  loam  region  is  characterized  by  soils  with  a 
very  large  amount  of  fine  material  or  silt  of  a  brown  or  yellow  color 
lying  like  a  blanket  on  orange  colored  sand  or  gravel,  which  underlies 
all  of  this  region.  The  Yazoo  delta  is  alluvial,  or  made,  land  formed 
by  the  overflow  of  the  great  river  or  its  tributaries;  The  oak  uplands 
have  a  sandy  or  loamy  soil  vrith  a  yellow  clay  subsoil,  and  the  same  is 
true  of  the  soils  of  the  pine- woods  region,  though  here  both  surface 
and  subsoil  have  more  sand.  l%e  soils  of  the  cane  hills  are  formed  of 
calcareous  silt. 

THREB  CLASSES  OF  SOILS. 

A  better  practical  idea  of  the  soils  of  the  State  may  be  arrived  at  by 
dividing  the  soils  into  three  classes,  viz:  (1)  Those  having  good  water 
conditions  and  rich  in  plant  food;  (2)  those  rich  in  plant  food,  but  with 
unsatisfactory  water  conditions,  and  (3)  those  with  good  water  condi- 
tions but  deficient  in  plant  food,  and  hence  require  the  constant  use  of 
fertilizers.  These  three  classes  comprise  about  all  the  soils  in  the  State, 
though  there  may  be  small  areas  deficient  in  plant  food  and  with  poor 
water  conditions. 

GOOD   SOIL. 

The  speaker  said  that  his  audience  would  appreciate  the  fact  that 
practical  farmers  differ  very  much  as  to  what  constitutes  a  good  soiL 
Many  farmers  agree  with  the  German's  idea,  that  it  is  a  place  to  put 
fertilizers,  while  others,  raised  differently,  have  little  patience  with  land 
that  requires  fertilization.  The  truth  is,  give  a  farmer  good  water  con- 
ditions, do  not  let  his  crops  suffer  from  either  drought  or  excessive 
rains,  and  farming  is  made  simple,  safe,  and  easy,  even  if  he  does  have 
to  fertaizo. 

The  farmer  who  owns  land  that  takes  the  seasons  as  they  come  and 
furnishes  his  crop  with  a  good  and  suitable  supply  of  water  at  all  times, 
and  whose  land  is  rich  in  plant  food  so  as  not  to  require  the  use  of 
fertilizers  owns  what  is  known  as  fertile  land.  He  has  a  treasure  and 
shoxdd  be  slow  to  part  with  it.  In  every  section  of  the  State  there  are 
some  such  soUs,  and  the  main  bodies  of  such  lands  will  be  found  on  the 
well-drained  farms  in  the  Delta  and  in  the  well-drained  valleys  and 
bottoms  in  whatever  section  they  may  occur. 

There  is  a  second  class  lying  side  by  side  with  the  first,  and  large 
areas  of  it  are  found  in  Mississippi.  They  are  rich  in  plant  food,  but 
the  water  conditions  are  not  good,  or  they  are  still  in  forest.  They  are 
valuable>  too,  but  only  in  proportion  to  the  expense  and  effort  necessary 
to  make  them  like  the  first.    As  a  rule  their  owners  do  not  know  th^ 
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value.  They  are  in  the  northeastern  prairie  region,  in  the  brown  loam 
region,  in  every  valley  and  "bottom''  in  this  State,  and  in  many  a  so- 
called  "old  field.''  To  put  them  in  good  shape,  frequently  nothing  is 
required  but  a  crop  of  melilotus,  cowpeas,  or  a  few  crops  of  lespedeza; 
and  in  the  valleys  and  bottoms  a  few  good  ditches  with  an  occasional 
tile  drain. 

LANDS  ON  WHICH  A  LARGE  AMOUNT  OF  FERTILIZERS  IS  USED. 

A  section  that  uses  a  large  amount  of  fertilizers  is  usually  a  pros- 
perous one.  The  lands  have  a  loam  texture,  the  water  conditions  are 
good,  and  many  persons  already  class  such  soils  as  the  best.  It  may 
be  that  the  time  is  not  far  distant  when  we  will  all  agree  with  them. 
Such  lands  respond  promptly  and  liberally  to  every  well-directed  effort. 
They  are  easy  to  till  and  are  safe  soils.  You  can  buy  them  in  Missis- 
sippi for  a  song.  They  are  in  the  pine  woods  region  and  in  the  oak 
uplands  region.  This  is  the  future  trucking  section  of  the  State,  and 
whenever  proper  shipping  facilities  are  provided  this  may  become  the 
most  valuable  section,  as  truck  farming  is  one  of  the  most  profitable 
branches  of  agriculture.  The  plant  food  in  these  soils  is  comparativisly 
small,  but  the  water  conditions  are  good,  and  for  almost  any  purpose 
the  necessary  fertilization  is  easy.  Precisely  similar  lands  along  the 
Atlantic  seaboard  sell  at  from  $50  to  $200  per  acre. 

For  an  equal  area,  probably  no  other  State  has  more  rich  soil,  and 
certainly  none  more  good  soil,  than  Mississippi. 

Fifty  dollars  per  acre  is  about  the  highest  market  value  ever  reached 
by  the  best  lands  in  the  State.  This  was  about  forty  years  ago;  and 
as  very  little  of  this  value  was  represented  by  improvements,  the  price 
would  indicate  a  very  high  degree  of  productiveness  in  the  soils. 
Where  now,  you  ask,  are  these  once  high-priced  lands!  When  you 
look  on  the  "old  fields"  of  the  State,  you  see  what  were  once  the 
best  lands  within  her  borders.  The  plant  food  in  them  could  not 
possibly  have  been  exhausted  in  so  short  a  time.  Except  where  they 
have  been  damaged  by  excessive  washings  or  erosion,  they  are  still 
valuable,  and  many  of  them  will  yet  be  made  to  give  larger  yields  than 
they  did  in  the  palmy  days  of  yore.  Some  of  them  have  been  so  badly 
washed  and  gullied  that  they  are  of  very  little  if  any  value,  and  are 
likely  to  remain  so  for  generations  to  come. 

The  clean  culture  necessary  in  cotton  farming  has  the  effect  of 
rapidly  exhausting  the  humus  or  organic  matter  in  soils,  and  for  this 
reason  many  of  the  soils  are  deficient  in  this  very  important  material. 
This  must  be  restored  as  promptly  as  possible,  and  by  the  best  means 
available. 

BENEFICIAL  EFFECTS  OF  RESTORATIVE  CROPS. 

The  professor  said  he  would  especially  call  attention  to  the  very 
marked  beneficial  efi*ects  of  restorative  crops  on  worn-out  soils.  In 
the  prairie  section  a  crop  of  melilotus  has  increased  the  yield  of  badly 
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worn  soil  at  least  fourfold,  tlie  yield  being  a  bale  of  cotton  per  acre. 
There  are  larger  areas  of  these  lands,  not  bo  badly  worn,  where  the 
yield  may  be  doubled  by  similar  treatment.  Cowpeas  are  just  as  good 
for  this  purpose,  and  they  grow  well  on  all  kinds  of  soil  in  the  State, 
The  lands  in  the  different  sections  are  not  equally  well  adapted  to  all 
classes  of  crops  or  to  different  kinds  of  farming.  Naturally,  they  main- 
tain different  amounts  of  water,  and  this  makes  one  class  better  adapted 
to  early  truck  farming  and  another  class  to  the  growing  of  grasses  and 
forage.  Too  much  stress  can  not  be  laid  upon  the  fact  that  the  esteem 
in  which  lands  in  the  State  have  been  held  has  been  almost  wholly 
based  on  their  adaptability  to  growing  cottx)n«  Trucking  is  in  its 
infancy  and  is  practiced  in  only  a  few  sections,  and  these  may  not  by 
any  means  be  the  best  for  this  purpose.  The  values  attached  to  lands 
by  farmers  in  the  State  are  never  based  on  their  adaptability  to  growing 
grasses  and  forage  crops. 

"In  the  whole  State,^  the  speaker  said,  "I  doubt  if  there  is  as  much 
as  one  township  of  good  land  in  good  condition  that  is  in  good  pasture . 
grass.    We  absolutely  have  no  idea  of  the  adaptability  of  any  of  our 
soils  to  the  production  of  the  different  grades  of  tobacco,  and  yet  there 
Is  much  to  indicate  that  Mississippi  has  some  very  fine  tobacco  soUs." 

CAPABn.TTIBS  OF  MISSISSIPPI  SOIL. 

In  regard  to  the  capabilities  of  the  soil  of  Mississippi  and  what  a 
Mississippi  farmer  may  do  for  himself,  the  speaker  said  that  on  every 
farm  in  the  State  the  farmer  may  not  only  make  a  good  lifving  for 
himself  and  family,  but  can  live  luxuriously. 

There  is  not  a  timothy  meadow  or  blue-grass  pasture  in  the  State, 
but  with  bermuda,  lespedeza,  carpet  grass,  alsike  clover,  red  top,  turt 
oats,  and  hairy  vetch  good  pastures  can  be  made  which  will  furnish 
grazing  equal  to  any  in  this  country.  Eed  clover  can  be  grown  in  the 
northeastern  prairie  region  and  in  the  brown  loam  region,  and  cow- 
peas  and  lespedeza  can  be  grown  in  every  section  of  the  State.  There 
are  probably  as  good  alfalfa  soils  as  may  be  found  anywhere,  but  the 
actual  demonstration  is  yet  to  be  made.  On  the  well-drained  alluvial 
lands  at  the  sugar- experiment  station  in  Louisiana  Professor  Stubbs 
has  grown  from  10  to  12  tons  per  acre.  Where  properly  drained 
there  is  no  reason  why  the  soils  in  the  Delta  region  of  Mississippi 
would  not  do  as  well.  It  is  grown  satisfactorily  in  the  valleys  of  the 
northeastern  prairie  region. 

Fifty  bushels  of  corn  per  acre  can  be  grown  in  the  State. 

COTTON  STILL  PREVAILS. 

In  conclusion,  the  speaker  said: 

We  have  fine  cotton  landS;  and  cotton  grows  well  in  all  sections  except  near  tho 
eoast.  I  have  great  respect  for  cotton.  Conventions  meet  for  the  purpose  of  lessen.- 
ing  its  area;  speakers  condemn  it  as  unprofitable  and  ruinous]  farmers'  institute! 
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Msemble  to  give  it  a  blaolc  tje,  bnt  still  we  Bee  it  prevail  and  we  hear  the  darkey 
•inging  in  the  cotton  patch  and  we  see  t1i4  aiillions  still  clothed  in  it.  I  have  an 
idea  this  will  continue;  bat  cheap  cotton  nndoahtedly  means  cheap  labor*  The 
man  who  labors,  and  wants  good  wag03  for  it,  most  needs  do  something  other  than 
produce  4}-oent  cotton. 

Can  a  farmer  make  money  on  Mississippi  soilsf  If  he  is  industrious,  if  he  studies 
his  business  and  keeps  abreast  with  the  times,  if  he  uses  the  best  business  methods, 
and  if  he  produces  the  best  of  whatever  he  markets,  he  may  hope  to  gain  a  competency, 
not  a  fortune. 


THE  DAntT  COW  AS  A  RESTORSE  OF  FEBTUITT. 
FERTILlZINa  CONSTITUENTS  ABSORBXID  BY  COTTON  PI»ANT. 

Prof.  T.  L.  Haecker,  of  the  XTniversity  of  Minnesota,  prefoeed  Ws 
remarks  with  the  statement  that  he  had  had  little  opportunity  teinves- 
tigate  the  conditions  obtaining  in  the  cotton  belt.  He  said  that  the 
people  of  that  section  were  probably  undergoing  an  experience  which 
.sooner  or  later  comes  to  every  section  of  our  land.  Wheat  was  grown 
almost  exclusively  in  the  Korth  until  the  soil  refused  to  resi>ond.  Ko 
one  seemed  to  know  why,  but  when  wheat  failed  they  began  to  depend 
more  upon  live  stock.  As  the  live  stock  increased  the  land  brought 
better  crops,  and  it  gradually  dawned  upon  them  that  the  failure  of 
crops  was  due  to  lack  of  fertility,  and  that  by  diversified  farming  they 
could  restore  it  and  secure  as  good,  if  not  better,  returns  than  they 
received  firom  the  virgin  soil. 

It  is  likely  that  the  soil  of  the  cotton  belt  has  been  impoverished  by 
constant  cropping  and  inadequate  fertilizing.  The  cotton  crop  makes 
heavy  drafts  upon  the  soil  and  if  it  is  not  heavily  fertilized  in  return  it 
will  become  exhausted.  The  commercial  value  of  the  fertilizing  con- 
stituents absorbed  by  the  cotton  plant  amounts  to  $3.83  per  acre,  aggre- 
gating a  little  over  $47,000,000  worth  per  year.  Every  dollar's  worth 
of  this  fertility  that  has  not  been  returned  to  the  soil  is  a  bonded  in- 
debtedness which  will  exact  exorbitant  interest  by  way  of  reduced 
crops  until  that  which  rightfully  belongs  to  the  soil  has  been  returned* 
The  report  ©f  the  Secretary  of  Agriculture  for  the  year  1897  shows  that 
during  that  year  623,380,638  pounds  of  cotton-seed  meal,  valued  at 
$5,515,800,  were  exported  from  this  country  to  Europe.  The  fertilizing 
value  alone  of  this  product,  at  the  lowest  commercial  values,  amounts 
to  $0,325,600. 

FEEDING  VALX7E  OF  COTTON-SEED  MEAL. 

At  the  present  prices  of  grains  and  mill  stuffs  its  feeding  value 
amounts  to  $9,226,122,  making  the  actual  value  of  the  exported  cotton- 
seed meal  $15,551^726.  All  of  this  is  sold  to  the  European  dairymen 
and  meat  growers  for  five  and  one-half  million  dollars.  This  meal  ifl 
converted  into  products  which  come  in  competition  with  our  products 
in  foreign  markets. 
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As  to  the  accuracy  of  the  feediug  value  placed  upon  cotton-seed 
meal  there  may  be  some  doubt,  but  to  demonstrate  its  money  value  as 
feeding  stuff  let  us  examine  the  subject  from  the  standpoint  of  the 
Northwestern  dairyman.  Only  a  half  dozen  years  ago  bran  was  a  drug 
on  the  market,  and  it  was  in  many  cases  used  as  fuel  to  operate  the 
flouring  mills.  Now,  even  in  sections  where  wheat  raising  is  the 
leading  crop  but  where  creameries  have  been  established,  not  only  is 
all  the  bran  made  at  the  local  mills  engaged  by  the  farmers  weeks  in 
advance,  but  from  thirty  to  forty  car  loads  are  shipped  back  from  the 
great  milling  centers  into  each  of  the  country  stations  and  sold  to  the 
farmers  for  milk  and  meat  production.  Does  it  not  seem  strange  that 
the  farmer  should  buy  and  pay  cash  for  mill  products  when  his  gran- 
aries and  bins  are  loaded  with  oats,  barley,  corn,  and  rye,  and  when 
he  has  more  roughness  in  the  shape  of  hay,  straw,  corn  fodder,  and 
stover  than  he  can  usef  He  pays  $10  for  a  ton  of  bran.  It  contains 
238  pounds  of  water.  He  is  certainly  not  buying  the  water.  It  con- 
tains IIG  pounds  of  ash,  58  pounds  of  indigestible  protein,  1,258  pounds 
of  carbohydrates,  and  80  pounds  of  fat.  It  would  be  absurd  for  the 
farmer  to  pay  $10  per  ton  for  these  substances  when  he  has  more  of 
them  at  home  than  he  has  use  for.  The  only  substance  in  the  ton  of 
bran  not  enumerated  above  is  250  pounds  of  digestible  protein,  and  the 
logical  conclusion  is  that  the  farmer  pays  for  the  250  pounds  of  protein. 

CONSTrrUENT  ELEMENTS  OF  A  TON  OF  OIL  MEAL. 

A  ton  of  oil  meal  contains  184  pounds  of  water,  114  pounds  of  ash, 
72  pounds  of  indigestible  protein,  886  pounds  of  carbohydrates,  and 
158  pounds  of  ether  extraQt,  or  fat.  Surely  no  sane  person  would  be 
guilty  of  buying  these  substances  at  the  rate  of  $22  per  ton  when  his 
farm  is  already  overstocked.  Ajs  the  digestible  protein  is  the  only 
nutrient  he  lacks,  it  must  be  that  which  he  buys.  Now,  that  ton  of 
linseed  meal  contains  586  pounds  of  digestible  protein.  Since  the 
cost  of  nutrient  in  bran  is  4  cents  a  pound,  the  intelligent  farmer  sees 
no  objection  to  buying  the  oil  meal  at  $22  per  ton. 

CONSTITX7ENT  ELEMENTS  OF  A  TON  OF  COTTON-SEED  BIEAL. 

A  ton  of  cotton-seed  meal  contains  164  pounds  of  water,  144  pounds 
of  ash,  106  pounds  of  indigestible  protein,  584  pounds  of  carbohy- 
drates, and  262  pounds  of  fat.  As  stated  before,  when  the  farmer  has 
more  of  these  substances  at  home  than  he  can  use,  he  tlierefore  buys 
the  digestible  protein.  Since  he  can  get  it  in  more  condensed  form  and 
with  it  less  alloy  when  he  buys  cotton-seed  meal,  he  finds  no  objection 
to  paying  at  the  rate  of  4  cents  per  pound  for  the  740  pounds  of  digest- 
ible protein  in  a  ton  of  cottonseed  meal,  which  fixes  its  commercial 
value  as  a  feed  stuff  at  $29.60.  In  the  623,386,638  pounds  of  cotton-seed 
meal  exported  in  1897  there  were  230,653,056  pounds  of  digestible  pro- 
tein, which  at  4  cents  per  pound  amounts  to  $9,226,122.  So,  if  fiuiners 
can  buy  digestible  protein  at  the  rate  of  4  cents  per  pound  in  bran  and 
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oil  meal  and  make  it  return  them  7.53  cents  per  pound  by  converting  it 
into  dairy  prodacts,  the  estimated  commercial  yalae  of  the  exported 
ootton-seed  meal  is  a  very  conservative  one.  The  South  can  not  afford 
to  export  its  cotton-seed  meal  at  any  such  figure. 

The  annual  cotton-seed  crop  is  estimated  at  4^500^000  tons.  A  ton 
of  cotton  seed  contains  250  pounds  of  digestible  protein,  making  a  ton 
of  cotton  seed  and  a  ton  of  bran  of  equal  feeding  value.  With  bran 
at  $10  a  ton,  the  feeding  value  of  the  4,500,000  tons  of  cotton  seed  would 
be  (45,000,000.  Valuing  nitrogen  at  14  cents,  phosphoric  acid  at  5  cents, 
and  i>ota£di  at  4  cents,  the  manurial  value  of  the  cotton-seed  cn^  is 
(49,365,000,  making  its  total  annual  value  $94,365,000. 

HOW  TO  GROW  COTTON,  UTIIalZIl  THB  BY-PRODUCTS  'WITHOUT 
REDUCINa  INCOME,  AND  RETURN  ALL  FERTILIZINa  CONSTITU* 
ENT3  TO  THE  SOIL. 

The  cotton  crop  of  Mississippi  covers  an  area  of  about  two  and  one- 
half  million  acres  from  which  is  removed  $9,575,000  worth  of  fertiliz- 
ing constituents  annually.  The  problem  to  be  solved  is:  How  to  con- 
tinue cotton  growiog,  utilize  the  by-products  on  the  plantation  without 
reducing  the  income  therefrom,  and  at  the  same  time  return  all  the 
fertilizing  constituents  to  the  soilf  In  order  to  accomplish  this,  the 
product  must  be  a  staple  article  that  has  ready  sale,  it  must  uniformly 
bring  a  good  margin,  must  be  in  condensed  form  so  that  freight  rates 
will  be  light,  and  must  not  contain  any  fertilizing  constituents. 

The  speaker  said: 

I  know  of  only  one  animal  that  can  fill  these  requirements,  and  that  is  the  dairj- 
hred  cow,  and  the  product  butter.  Batter  fat  contains  no  nitrogen.  Therefore  if 
the  by-products  of  the  cotton  plant  are  fed  to  cows  that  do  not  convert  feed  into 
meat,  but  into  milk,  all  the  fertilizing  constituents  will  be  found  in  the  skim  milk 
and  in  the  excreta,  and  if  these  are  retained  on  the  farm  and  only  the  butter  mar- 
keted, nothing  will  leave  the  farm  that  has  any  value  as  a  fertilizer,  and  the  net 
retarn  to  the  cow  owner  will  be  7^  cents  in  cash  for  every  4  cents  worth  of  protein 
consumed. 

EXPERIMENT  IN  DATOTING. 

Ho  then  said  that  on  such  an  occasion  opinions  are  out  of  place. 
Therefore  he  would  show  the  results  of  an  actual  and  careful  experi- 
ment covering  a  iMjriod  of  four  months  of  stall  feeding,  from  January  1 
to  May  1,  when  all  feed  was  carefully  weighed  out  to  each  cow  in  the 
college  herd,  all  milkings  weighed  and  tested  for  butter  fat,  and  analyses 
made  of  all  food  stufDs  used. 

There  were  22  cows  in  the  herd.  The  digestible  protein  eaten 
amounted  to  7,150.12  pounds;  yield  of  butter  fat,  2,630,71  pounds;  and 
yield  of  butter  3,070.19  pounds. 

The  herd  consumed  on  an  average  2.42  pounds  of  digestible  protein 
for  each  pound  of  butter  yielded,  and  returned  7.53  cents  for  every  4 
cents  worth  of  protein  consumed  aftor  deducting  cost  of  manufacture, 
transportation,  and  commission.  The  cost  of  the  protein  was  much 
less  than  4  centS|  and  the  butter  was  sold  for  more  than  the  amount 
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BhoTvn  m  these  calculations,  but  the  figures  used  are  applicable  to 
present  conditions  and  are  what  may  be  generally  expected  as  ruling 
prices  under  good  management.  The  returns  made  for  food  consumed 
are  below  what  might  be  realized  if  a  whole  winter's  work  is  taken  into 
account.  The  results  given  are  for  the  last  three  months  of  a  seven 
months'  stall-feediug.  The  cows  came  in  in  the  latter  part  of  summer 
and  in  early  fall  and  had  bei  n  in  milk  from  three  to  four  months,  when 
tlie  record  quoted  began.  When  such  results  can  be  obtained  in  a 
climate  where  seven  months  of  stall-feeding  is  required,  as  good,  if  not 
better,  results  should  be  secured  in  a  State  where  only  three  montlis  of 
stall-feeding  is  necessary. 

PRODUCTIVE  CAPACITY  OP  THE  DAIRY  COW. 

The  wonderfully  productive  capacity  of  a  dairy  cow  is  further  illus- 
trated by  the  record  of  the  college  herd  for  two  consecutive  years.  It 
is  a  mixed  herd  composed  of  representatives  of  the  various  dairy  breeds 
and  their  grades,  and  grade  shorthorns,  representing  the  average  cow 
as  found  on  Minnesota  farms.  The  results  obtained  are  such  as  may 
be  expected  of  a  fairly  well  selected  herd  under  good  care,  but  the 
yield  as  a  herd  is  better  than  could  be  secured  from  an  ordinary  herd 
of  common  cows. 

The  cost  for  feed  during  the  year  1805  at  local  market  prices  aver- 
aged $28.47  i)er  cow.  The  average  yield  of  milk  per  cow  was  7,418 
pounds,  or  872  gallons,  and  the  average  jrield  of  butter  was  353  pounds. 
The  cost  of  feed  to  produce  a  pound  of  butter  was  8  cents.  Valuing 
the  butter  at  15  cents  a  pound  and  skim  milk  at  15  cents  per  hundred 
pounds  makes  the  gross  return  $62.08.  Deducting  $28.47,  the  cost  of 
the  feed,  we  have  a  net  return  of  $34.21  per  cow. 

In  1896  the  cost  for  feed  was  $22.12;  the  average  yield  of  milk  was 
7,454  pounds,  or  877  gallons,  per  cow;  the  average  yield  of  butter  waa 
349  pounds,  and  the  cost  of  feed  to  produce  a  pound  of  butter  was  6J 
cents.    The  gross  return  was  $62.18  and  the  net  return  $40.06  per  cow. 

It  is  not  in  the  cotton  nor  in  the  oil  extracted  from  the  seed  that  the 
fertility  is  lost,  but  it  is  in  the  parting  with  the  cotton-seed  cake  or 
meal  that  the  loss  occurs.  If  you  feed  the  cake  and  meal  to  dairy 
cows  all  the  fertility  will  remain  on  the  plantation  and  your  cash 
receipts  will  be  twice  as  large  as  would  be  the  case  if  this  by-product 
was  sold. 

VALUI]    OP   THE    COTTON-SEED    CROP    TO    THE    SOUTH. 

The  speaker  summarized  the  value  of  the  cotton-seed  crop  as  follows: 

I  have  shown  that  the  annnal  manurial  value  of  the  cotton  seed  is  $49,365,000 
and  the  market  vahie  $45,000,000.  If  converted  into  butter,  U  would  bring  in  a  net 
return  of  $78,750,000.  Add  to  this  its  manurial  value,  which  you  would  keep,  and 
we  have  as  the  actual  value  of  the  cotton-seed  crop  to  the  South  the  fabulous  sum 
of  $128,115,000. 

To  save  annually  this  enormous  revenue  is  a  very  simple  proposition.  Go  into 
dairying  with  the  dairy  cow. 
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COTTON  SEED  AHD  ITS  PRODTJCTa 
COTTON,  COTTON  SEED,  HULLS,  AND  COTTON-SEED  BIEAL. 

Prof.  B.  W.  Kilgore,  State  chemist  and  professor  of  cbemistry,  Agri- 
cultural College,  Mississippi,  pointed  out  the  great  value  of  cotton  seed 
and  its  products  for  feed  and  other  purposes. 

Ho  said  that  Mississippi  produced  about  1,000,000  bales  of  cotton 
during  each  of  the  past  two  years.  Cotton  as  it  is  picked  yields  a  little 
less  than  one  third  lint  and  a  little  more  than  two-thirds  seed.  A  cotton 
crop  of  1,600,000  bales,  therefore,  gives  about  800,000  tons  of  seed, 
\7hich  is  320,000  tons,  or  40  per  cent  short  of  a  40,000,000  bushel  corn 
crop  for  the  State. 

One  ton  (2,000  pounds)  of  cotton  seed,  when  treated  at  an  oil  mill, 
yields  about  725  pounds  meal,  1,000  pounds  hulls,  linters,  etc.,  and  275 
pounds  of  oil — 37  gallons. 

Cotton-seed  hulls  aroused  as  fuel  in  the  engines  of  oil  mills,  and  very 
largely  as  food  for  cattle.  They  are  worth  from  one-half  to  two-thirds  as 
much  as  grass  hay  and  are  an  excellent  and  handy  diluent  with  which 
to  feed  cotton-seed  meal.  Hundreds  of  thousands  of  cattle  and  large 
numbers  of  sheep  are  each  winter  fattened  on  hulls  and  meal  at  and  in 
the  vicinity  of  the  oil  mills  of  the  South.  Milk  cows  are  also  fed  on 
rations  made  up  largely  of  hulls  and  meal.  The  rations  fed  to  fatten- 
ing cattle  are  3  to  4  pounds  at  first,  which  are  gradually  increased  to  C, 
8,  and  even  10  iK)uuds  per  head  each  day  and  all  the  hulls  the  animals 
"will  eat.  The  proportions  have  varied  from  2  to  6  pounds  of  hulls  to 
1  pound  of  meal,  the  best  results  having  been  obtained  on  3  to  4  pounds 
of  hulls  to  1  of  meal.  For  long  feeding  periods  and  rapid  gains  this  is 
a  most  excellent  ration. 

Numerous  experiments  have  shown  that  cotton-seed  meal  produces 
in  the  same  rations  more  and  cheaper  beef  than  the  same  amount  of 
corn  meal,  and  generally  more  than  wheat  bran,  linseed  meal,  and  the 
other  concentrated  feeds.  Cotton-seed  meal  stands  at  the  head  of  con- 
centrated feeds.  This  is  a  sweeping  statement,  but  the  experiments 
are  numerous,  and  the  evidence  upon  which  it  is  based  is  abundant. 

In  four  years'  experiments  at  the  Pennsylvania  Experiment  Station, 
mixtures  of  corn  meal  and  cotton  seed  with  coarse  foods  produced  bet- 
ter and  cheaper  gains  than  corn  meal  alone  with  the  same  coarse  foods, 
cotton-seed  meal  replacing  more  than  its  own  weight  of  corn  meal  in 
the  rations  and  producing  the  amount  of  food  required  to  produce  a 
pound  of  gain. 

At  the  Texas  station,  in  three  years'  experiments  in  fattening  160 
Texas  steers  and  8  cows  on  cotton-seed  products  on  different  rations, 
in  comparison  with  each  other  and  with  corn,  the  obtained  results  in 
all  cases  indicated  the  superior  feeding  qualities  of  cotton-seed  prod- 
ucts over  corn.  From  these  experiments  (and  a  large  number  of  others 
might  be  given)  it  is  seen  that  cotton-seed  meal  is  a  better  beef  pro- 
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ducer  than  corn' — that  a  given  -vveiglit  of  cotton-seed  meal  will  make 
more  beef  than  will  an  equal  weiglit  of  corn  or  com  meal.  Of  tlie  large 
number  of  feeding  experiments  with  cotton-seed  meal  but  few  are 
adapted  to  determining  accurately  just  how  much  corn  meal  a  pound 
of  cotton-seed  meal  is  equal  to. 

The  experiments  at  the  Pennsylvania  station,  eight  in  number,  and 
an  experiment  now  well  advanced  at  the  Mississippi  station,  the  result 
of  which  the  director  has  permitted  the  use  of  with  the  understanding 
that  it  only  indicates  what  the  final  result  will  be,  are  the  only  ones 
found  suited  to  the  purpose  in  view. 

These  nine  experiments  show  that  1  pound  of  cotton-seed  meal  has 
produced  in  the  same  rations  as  much  beef  as  1.34  pounds  to  2  pounds 
of  corn  meal,  the  average  being  1  pound  of  cotton  seed  to  1.73  pounds 
of  corn  meal. 

Though  it  can  not  be  said  that  this  ratio  is  absolutely  correct,  or  that 
results  corresponding  to  this  ratio  will  in  all  cases  be  gotten  with  these 
two  foods,  yet  when  fed  in  the  best  way  in  combination  with  other 
feeds  results  reasonably  close  to  it  may  be  expected. 

This  ratio — ^1  pound  of  cotton-seed  meal  equal  in  beef-producing 
value  to  1.73  pounds  of  corn  meal — has  a  significant  meaning  in  Mis- 
sissippi. Corn  and  cottonseed  meal  have  close  to  the  same  selling 
price  in  her  markets. 

COMPARATIVE  VALU3  OP  COTTON  SEED  AND  CORN. 

The  cotton  seed  is  not  understood  in  its  home,  the  South,  as  it  should 
be,  nor  is  its  feeding  value  fully  appreciated.  Cotton  seed  is  not  so 
readily  eaten  as  its  products,  especially  meal.  ]5^evertheless,  we  know 
it  to  be  a  valuable  food,  and  many  experiments  show  that,  i>ound  for 
pound,  cotton  seed  is  fully  equal  in  feeding  value  to  corn.  Experiments 
with  cotton  seed  and  corn,  as  with  cotton-seed  meal  and  corn  meal,  have 
not  been  generally  of  such  a  nature  as  to  enable  us  to  arrive  at  the 
exact  comparative  value  of  these  two  materials. 

At  the  Texas  station,  cotton  seed  in  rations  produced  cheaper  and 
more  rapid  gains  for  short  periods  than  either  corn  or  cotton-seed  meal* 
In  long  periods  the  seed  loaded  the  animals  with  fat  so  quickly  that 
the  rate  of  laying  on  flesh  was  greatly  decreased.  Raw  and  boiled 
seed  at  $7  per  ton  made  cheaper  but  smaller  gains  than  cotton-seed 
meal  at  $20  per  ton.  Rations  with  corn  were  the  dearest  ones  fed. 
Two  experiments  at  the  Texas  station  show  that  1  x>ound  of  cotton  seed 
equals  in  beef  producing  value  1.21  pounds  of  corn.  An  incomplete 
experiment  at  the  Mississippi  station  shows  that  1  pound  of  cotton  seed 
is  equal  to  1.06  pounds  of  corn-and-cob  meal.  Averaging  this  and  the 
Texas  results  give  1  pound  of  cotton  seed  equal  to  1.13  pounds  of  com 
meal. 

1  The  Cotton  Plants  Bulletin  No.  33,  Office  of  Experiment  Stations,  p.  385. 
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COMFARATIVIl    TBEDUfO   VALX7B  OF  COTTON-SEED    MBAIi   AND 

COTTON  SEED. 

Many  experiments  have  shown  that  cotton-seed  meal  prodnces  pound 
for  pound  more  beef  than  cotton  seed,  but  only  a  limited  number  of 
these  exi)eriment8  are  of  such  a  kind  as  to  give  anything  like  a  definite 
idea  of  the  relative  beef-producing  powers  of  the  two.  Two  experi- 
ments at  the  Texas  station,  already  referred  to,  and  one  now  in  prog- 
ress at  the  Mississippi  station  show  one  pound  of  cotton-seed  meal  to 
have  produced  as  much  beef  as  1.54, 1.3G,  and  1.50  pounds  of  cotton 
seed,  respectively. 

This  shows  as  an  average  of  the  three  experiments  that  1  i>ound 
of  cotton-seed  meal  has  made  as  much  beef  as  1.47  pounds  of  cotton 
seed.  While  it  is  not  contended  that  this  represents  the  exact  relative 
feeding  value  of  these  materials,  it  is  believed  that  their  values  as 
feeds  do  not  differ  widely  from  the  relation  represented  by  these 
figures,  1:1.47. 

MARKET  PRICE  OF  CORN,  COTTON  SEED,  AND  COTTONSEED 

MEAL. 

The  market  prices  of  cotton  seed,  cotton-seed  meal,  and  com  are 
about  as  follows: 

Per  ton. 
Cotton  seed,  10  cents  per  bnsliel;  equal  to  80  cents  per  lOOpoands,  equal  to...  $6.00 

Cotton-seed  meal,  80  cents  per  100  pounds,  equal  to 16.00 

Corn,  40  cents  per  bushel,  equal  to  71  cents  per  100  pounds,  equal  to 14. 20 

Combining  the  comparative  feeding  values  and  selling  prices  of  com, 
cotton  seed,  and  cotton-seed  meal,  the  following  relations  are  shown  to 

exist: 

Fu^t.  One  pound  of  cotton-seed  meal  equals  1.73  pounds  of  com  meaL 

(a)  When  com  is  worth  40  cents  per  bushel,  equal  to  17  cents  per  100  pounds, 

cotton-seed  meal  should  be  worth  $1.23  per  100  pounds,  equal  to  $24.60  per 
ton. 

(b)  TVhen  cotton-seed  meal  is  worth  80  cents  per  100  pounds,  equal  to  $16  per 

ton,  com  should  be  worth  46  cents  per  100  pounds,  equal  to  25.8  cents 
per  bushel. 
Second.  One  pound  of  cotton  seed  equals  1.13  pounds  of  com  meal. 

(a)  When  com  Is  -worth  40  cent«  per  bushel,  equal  to  71  cents  per  100  pounds, 

cotton  seed  should  be  worth  80  cents  per  100  pounds,  equal  to  26.6  cents 
X>er  bushel  and  $16  per  ton. 

(b)  When  cotton  seed  is  worth  10  cents  i>er  bushel,  equal  to  SO  cents  per  100 

pounds,  corn  should  be  worth  26.6  per  100  pounds,  equal  to  14.9  cents  per 
bushel. 
Third.  One  pound  of  cotton-seed  meal  equals  1.47  pounds. of  cotton  seed. 

(a)  When  cotton  seed  is  worth  10  cents  per  bushel,  equal  to  30  cents  per  100 

pounds,  or  $6  per  ton,  eotton-seed  meal  should  be  worth  44  cents  per  100 
pounds,  or  $8.60  ]>er  ton. 

(b)  When  cotton-seed  meal  is  worth  80  cents  per  100  pounds,  equal  to  $16  per 

ton,  cotton  seed  should  be  worth  55  cents  per  100  pounds,  equal  to  18,8 
cents  per  bushel,  or  $11  per  ton. 
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These  statements,  thongh  they  are  staiieinents,  as  I  believe,  of  facts, 
may  be  somewhat  of  a  surprise  to  many  of  you.  They  are  rather  con- 
centrated, but  not  more  so  than  the  feeds  with  which  we  are  dealing. 
It  may  be  difficult  for  you  to  accept  them  and  digest  them,  yet  the 
animals  have  digested  the  feeds  and  given  us  the  facts  and  we  can  not 
question  the  findings  except  through  the  medium  of  other  animals  in 
other  experiments.  This  method  of  recourse  is  open  to  everyone,  and 
the  ofteuer  the  statements  are  questioned  and  answered  in  this  way, 
the  better  will  it  be  for  the  real  truth  and  the  knowledge  of  these  most 
valuable  feeding  materials. 

QUALITY  OP  BEEP  PROM  COTTON-SEED  PRODUCTS. 

Cotton-seed  products  beef  is  good.  Despite  the  occasional  state- 
ments in  the  agricultural  press  that  beef  produced  from  cotton-seed 
products  is  of  poor  quality,  an  examination  of  all  experiments  on  the 
subject  failed  to  disclose  evidence  to  justify  the  statement  It  is  true 
that  the  fat  of  animals  fed  on  cottonseed  products  has  a  melting  point 
of  two  to  six  degrees  higher — the  fat  harder  and  firmer — than  that  of 
animals  fattened  on  corn;  but  this  has  not,  so  far  as  known,  caused 
any  objection  to  be  made  against  the  eating  qualities  of  the  beet 

COTTONSEED  PRODUCTS  FOR  MILK. 

Cotton  seed  and  its  products  are  valuable  milk  and  butter  producers. 
They  do  not  injure  the  milk  for  drinking  purposes,  but  when  fed  in  too 
large  quantity  they  give  butter  a  higher  melting  point  and  make  it 
quite  firm.  This  is  an  advantage  in  a  warm  summer  climate,  but  at 
the  same  time  the  texture  is  injured,  the  butter  being  sticky  and  the 
flavor  poor.  When,  however,  seed  and  meal  are  properly  combined 
with  grain  and  hay  foods  this  injurious  efi'ect  on  the  quality  of  the 
butter  is  not  apparent.  Three  to  four  pounds  of  cotton  seed  or  meal 
may  be  fed  to  a  cow  each  day  without  materially  affecting  the  butter. 
Cotton-seed  meal  is  valuable  as  a  dairy. food,  and  for  mixing  with 
cotton-seed  hulls,  corn  fodder,  and  the  grass  hays  it  has  no  superior. 
Numerous  experiments  have  shown  cotton-seed  meal  in  the  same 
rations  to  produce  pound  for  pound  more  milk  and  butter  than  corn 
meal,  wheat  bran,  or  the  other  grains  and  concentrated  feeds  in  use. 
The  experiments  which  have  been  made  for  milk  production,  although 
made  with  the  view  of  determining  the  effect  on  the  health  of  the 
animal  and  the  quality  and  quantity  of  milk  and  butter  prodnced| 
justify  the  same  general  statements  in  regard  to  milk  and  butter  pro- 
duction that  have  been  made  about  cotton  seed  and  cotton-seed  meal 
in  their  relations  to  each  other,  and  to  com  for  beef  production. 

The  Mississippi  station  has  for  two  winters  been  working  on  the 
relative  milk  and  butter  producing  powers  of  cotton  seed,  cotton-seed 
meal,  and  com.  The  director  has  allowed  the  statement  to  be  made  in 
advance  of  publication  that  the  results  indicate  that  these  feeds  have 
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about  the  same  relative  milk  and  butter  producing  values  as  bas  aireidy 
been  staled  for  them  for  beef  production. 

COTTON-SEED  MEAL  FOR  HORSES  AND  MULES. 

*  Cotton-seed  meal  has  been  fed  to  horses  and  mules  to  a  limited  extent, 
but  there  is  not  much  definite  information  at  hand  as  to  the  results. 
In  three  cases  2  pounds  of  cotton-seed  meal  have  been  fed  daily  in 
connection  with  other  grain  feeds  and  hays  with  good  results. 

COTTON  SEED  AND  PRODUCTS  FOR  H03S  AND  CALVES. 

Nearly  all  carefully  conducted  experiments  show  that  neither  cotton 
seed  nor  meal  can  be  fed  profitably  to  hogs  and  young  calves.  They 
are  injurious  to  these  animals,  and  death  frequently  results  when  such 
feeding  is  continued.  Whether  death  is  due  to  loose  lint^  large  amount 
of  oil,  hard  and  sharp  seed  coats,  or  whether  cotton-seed  products  con- 
tain a  toxic  principle,  or  whether  such  is  developed  as  the  result  of 
decomposition  outside  or  change  within  the  animal  body,  is  yet  an  open 
question,  and  is  an  important  one,  too,  to  be  solved  in  connection  with 
the  problem  of  feeding  cottonseed  products. 

COTTON-SEED  MEAL  AND  ABORTION. 

It  seems  to  be  the  well-founded  opinion  of  veterinarians,  dairymen, 
and  feeders  that  cotton-seed  meal  does  not  produce  abortion.  That 
like  similar  feeds  it  can  be  fed  so  as  to  produce  abortion,  but  it  is  safe 
and  free  from  producing  such  results  when  rationally  fed. 

PARATIVE  VALUES  OP  CORN  AND  COTTON-SEED  CROPS  IN 
MISSISSIPPL 

In  1897  the  estimated  corn  crop  of  Mississippi  was  30,000,000  bushels, 
equal  to  840,000  tons  of  grain.  The  cotton  crop  for  the  same  year  was 
1,600,000  bales,  which  would  produce  about  800,000  tons  of  cotton  seed. 
This  is  40,000  tons,  or  5  per  cent  less  cotton  seed  than  corn. 

The  corn  crop  of  1898  was  estimated  at  40,000,000  bushels,  or  1,120,000 
tons,  of  grain.  The  cotton  crop  was  1,000,000  bales,  and  800,000  tons  of 
seed.  The  cotton-seed  crop  was  40  per  cent  short  in  weight  of  the 
corn  crop,  but,  compared  on  the  basis  of  the  feeding  value  previously 
stated,  it  was  but  24  per  cent  less  in  feeding  value  than  Mississifipi's 
large  com  crop.  We  do  not  get  correspondingly  as  much  out  of  the 
cotton-seed  crop  as  we  do  out  of  the  corn  crop.  We  are  lacking  in 
knowledge  as  to  how  to  feed  the  seed  and  its  products  to  the  best 
advantage,  and  also  in  stock  to  feed.  We  are  growing  the  seed,  and 
can  grow  the  stock. 

COTTON  SEED  AND  MEAL  AS  PERTILIZERS. 

The  largest  part  of  the  nitrogen  in  the  fertilizers  sold  in  Mississippi, 
about  three-fourths,  is  derived  from  cotton-seed  meal.  It  is  our  great 
and  cheap  source  of  nitrogen* 
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One  ton  (2^000  pounds)  of  cotton  seed  contains  r 

KitTogen,  62  ponnds,  at  12|  cents ...,.«. .'«^    $7.75 

Phosphoric  acid,  26ponnd8,  at4J  cents 1.17 

Potash,  24  poondiB^  at  5  cents.... 1.20 

Fertilizing  Talne  of  a  ton.  of  cotton  seed 10.12 

One  ton  (2,000  pounds)  cotton-seed  meal  contains: 

Nitrogen,  136  pounds,  at  12^  cents $17.00 

Phosphoric  acid,  56  pounds,  at  i^  cents 2.52 

Potash,  36  pounds,  at  5  cents «.....•..». 1.80 

Fertilizing  value  of  a  ton  of  cotton-seed  meal .... 21. 32 

It  requires  about  2f  tons  of  seed  to  yield  a  ton  of  meal^  and  a  ton  ei 
meal  contains  m<Qre  than  double  the  quantity  of  fertilizing*  materiOiLs 
eontained  in  a  ton  of  seed. 

On  the  same  basiSy  1  ton  (2,000  pounds)  of  corn  has: 

Nitrogen,  32  pounds,  at  12^  cents $^1.00 

Phosphoric  acid,  13  pounds,  at  4i  cents.......... , 58 

Potash,  S pounds,  at  5  cents ^..      .40 

Fertilizing  value  of  1  ton  of  com 4.98 

This  shows  that  a  ton  of  corn  or  corn  meal  contains  less  than  one-half 
as  much  valuable  fertilizing  materials  as  cotton  seed  and  less  than  one- 
fourth  as  much  as  fs  contained  in  cotton-seed  meal. 

COTTON-SSHD  OHi. 

Cotton-seed  oil  is  obtained  by  separating  the  seed  coats  or  hulls 
from  the  kernels  of  the  seed  and  expressing  the  oil  from  these.  About 
20  per  cent  of  the  seed  of  the  State  of  Mississippi  goes  to  the  oil  mills. 
A  ton  of  seed  yields  about  275  pounds,  or  37  gallons,  of  crude  oil. 

Crude  cotton-seed  oil  is  worth  about  18  cents  per  gallon,  or  2.3^cents  per 
pound;  refined  yellow  oils  25  cents  per  gallon,  or  3.3  cents  per  pound, 
and  the  white  oils  30  cents  per  gallon,  or  4  cents  per  i)ound.  Eefined 
cotton-seed  oil  is  used  for  making  compound  lard,  cottolene,  and  lard 
substitutes  for  cooking  purposes,  and  oleomargarine,  butterine,  and 
butter  substitutes.  It  has  been  estimated  by  experts  that  00  per  cent 
of  the  olive  oil  sold  in  this  country  is  cotton-seed  oil.  Cotton-seed  oil 
Bells  for  from  3  to  4  cents  per  pound;  when  called  olive  oil  it  is  worth 
7  cents;  under  the  name  of  compound  lard  it  sells  for  firom  5  to  6  cents, 
and  when  called  butter  its  value  goes  up  to  15  cents  per  pound. 

It  is  a  pure,  wholesome,  and  nutritious  oil — a  legitimate  and  neces- 
sary constituent  in  human  food,  and  might  with  much  saving  and 
advantage  be  substituted  for  the  lard  and  bacon  brought  &om  a  dis- 
tance and  consumed  in  the  vicinity  of  the  oil  mills. 

The  estimation  in  which  it  is  held  in  foreign  countries  is  shown  by 
the  fact  that  the  exportation  of  cotton-seed  oil  and  its  compounds 
between  1884  and  1893  increased  162  per  cent,  while  the  ^Lportatiioa  of 
lard  increased  only  37  per  cent. 
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THE  EELATION  OP  LIVE-STOCE;  EAEMnTO  TO  HOME  ULAXISQt. 
PURE  BREEDS  ONL7  ARE  DESERVING  OF  ATTENTION. 

The  following  extracts  are  from  the  address  of  Mrs.  Virginia  0. 
Meredith,  of  the  University  of  Minnesota: 

By  the  advanced  farmer  of  to-day  it  is  clearly  recognized  that  the  pnre  breeds  of 
stock  only  are  deserving  of  his  attention — that  no  other  class  merits  the  devotion 
of  his  mental  and  material  efforts.  It  is  true  that  in  extensive  farming  the  founda- 
tion of  herd  or  flock  may  be,  and  generally  is,  far  from  being  eligible  to  registry;  yet 
even  there  the  successive  sires  are  usually  pure  bred;  thus  the  flock  and  herd  grow 
practically  toward  parity  of  breed.  The  sound  common  sense  which  characterizes 
the  American  farmer  forbids  him  to  keep  horses,  cattle,  or  any  other  live  stock 
merely  for  fancy.  The  open  market  is  the  ultimate  arbiter  of  values,  and  it  is  by 
this  test  alone  that  pnre  breeds  have  come  to  their  present  established  position  in 
farm  economy.  Early  maturity  and  quality  are  potential  factors  in  determining  a 
profit  price,  and  so  certainly  do  early  maturity  and  quality  inhere  in  breed  that  they 
can  not  be  secured  apart  from  the  blood  of  the  pure  breeds,  whether  they  be  sought 
in  the  horse,  cattle,  or  swine.    *    *    * 

If  one  chooses  to  acquire  knowledge  of  breeds  and  their  adaptations,  and  then  has 
the  decision  and  energy  to  apply  his  knowledge,  he  is  likely  to  go  in  the  direction 
where  profit  lies.  Keeping  improved  live  stock  enables  one  to  apply  exact  bueiuess 
principles  to  his  farming.  To  illustrate:  When  live  stock  is  the  foundation  of  the 
farm  economy  probably  half  of  the  acres  will  be  in  permanent  pastures.  Upon 
these  acres  the  stock  will  harvest  the  crop— converting  grass  into  beef,  mutton,  speed, 
milk,  or  butter  without  any  outlay  of  cash  for  labor.  The  remaining  acres,  devoted 
to  a  suitable  rotation  of  crops,  will  secure  stability  in  the  farm  operations,  the 
capacity  of  the  teams,  the  implements,  and  the  men  required  this  year  being  just 
what  it  was  last  year  and  just  what  it  will  be  next  year.  The  coarse  products,  such 
as  straw  and  com  stover,  which  have  little  value  as  fertilizers  when  returned 
directly  to  the  soil,  have  immense  value  when  utilized  by  stock,  the  stover  as  food 
and  the  straw  as  an  absorbent  in  the  stables,  while  the  labor  required  in  the  summer 
during  the  active  operations  of  cultivating  and  harvesting  will  in  the  winter  be 
profitably  employed  in  the  care  and  development  of  the  live  stock  that  during  the 
summer  has  had  the  freedom  of  the  pasture.  On  this  farm  there  will  be  business 
the  entire  year;  there  will  be  no  waste  of  products  that  have  cost  labor  and  fer- 
tility; the  crops  will  go  to  the' market  in  the  form  of  beef,  butter,  speed,  draft, 
mutton,  wool,  or  pork,  carrying  with  them  the  minimum  of  fertility.     •     •     * 

VALUE  OP  INFLUENCE  OP  PURE-BRED  STOCK  UPON  THE  INTEL- 
LECTC7AL  LIPE  OP  THE  PAIilIL7. 

Quite  apart  from  the  enhanced  market  value,  pure-bred  stock  has  another  value 
which  is  not  always  estimated  at  its  true  worth — the  value  of  its  influence  upon 
the  intellectual  life  of  the  family.  One  only  needs  to  go  into  the  family  home  on 
the  farm  where  pure-bred  cattle,  horses,  sheep,  or  swine  are  reared  to  be  con- 
vinced of  the  reality  and  the  beneficence  of  this  influence.  If  other  proof  is  needed 
it  may  be  had  by  comparing  or  contrasting  a  home  on  such  a  farm  with  one  on  the 
farm  devoted  to  grain  farming.  It  has  been  said  that  wheat  farming  debauches  the 
mentality  of  the  farmer.  While  this  is  probably  too  strong  a  characterization,  yet 
it  graphically  suggests  the  mental  vigor  promoted  by  the  life  on  the  stock  farm. 
There  are  some  phases  of  the  profession  of  farming  not  always  well  defined  in  our 
own  thoughts;  it  is  well  worth  while  to  consider  some  of  these  in  their  relation  to 
the  intellectual  life  of  the  farm  family.  For  example,  the  circle  of  acquaintance 
and  the  associations  which  inevitably  follow  one's  identification  with  any  particular 
pore  breed  of  live  stock  will  widen  the  mental  horizon;  also  the  range  of  readings 
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lmx>eTatiT6  if  <m6  would  keesp  abreast  of  the  adranee  being  made  b j  all  the  pure 
breeds — will  itself  strengthen  the  understanding  and  broaden  the  general  intelli- 
gence. Then,  too,  the  study  of  nature's  methods,  the  mysteries  of  heredity,  the 
influence  of  environment,  bring  one  into  intimate  sympathetic  tonoh  with  the  great 
forces  or  laws  that  wait  upon  and  reward  onr  intelligence,  or  perchance  pnnish  oar 
ignorance.  The  more  than  human  response  in  affection  and  absolute  trust  which 
the  horse,  and  even  the  Southdown,  will  make  to  the  master's  care  teaches  the  highest 
lesson  concerning  our  obligation  to  others.  And  all  these  lessons  are  so  easily,  so 
imperceptibly,  transferred  to  other  planes  of  life,  where  they  influence  conduct  and 
destiny.  When  one  appreciates  intelligently  and  sympathetically  the  high  privi- 
lege of  controlling  the  conditions  that  create  vegetable  and  animal  life  he  may  get 
a  glimpse  of  that  perfect  love  and  perfect  Justice  Divinity  exercisea  toward  its 
ereatures. 

ZNTBLLECTUAL  VIGOR  IN  THE  FARM  HOMR 

If  intellectual  vigor  is  given  an  outlet  on  the  stock  farm,  equally  true  is  it  that 
intellectual  vigor  finds  a  noble  field  in  the  farm  home.  There  have  been  many  defi- 
nitions of  the  word  ''home,"  all  showing  some  phase  that  appeals  to  the  speaker. 
An  inclusive  definition  is  something  like  this:  Home  is  a  place  and  an  opportunity 
for  the  complete  development  of  the  physical,  mental,  and  spiritual  natures,  and 
inferentially  for  the  sane  enjoyment  of  life.  The  farm  home  offers  peculiar  oppor- 
tunity for  the  development  of  the  physical.  This  goes  without  saying.  A  happy 
ehildhood  in  the,open  air  is  the  inheritance  of  the  farm  child,  and  the  force  of  sun- 
light, pure  air,  and  exercise  are  well-nigh  conclusive  in  determining  physical  com- 
pleteness. The  nearness  to  great  forces  in  vegetable  and  animal  life,  if  at  all  utilized, 
must  awaken  powers  of  observation  and  strengthen  the  judgment  by  contemplation 
of  cause  and  effect — the  direct  adaptation  of  means  to  an  end  so  oouclusively  taught 
by  the  recurring  seasons  and  the  continuous  round  of  animate  and  inanimate  life 
must  have  incalculable  effect  upon  the  mentality. 

SOUTHEEN  AOEICULTUEE— MISSISSIPFI  AND  LOUISIANA. 
PRODUCTION  OF  SOIL  AREAS. 

Prof.  W.  C.  Stubbs,  director  of  the  Louisiana  Experiment  Station, 
began  his  address  with  a  description  of  the  geographical  position  of 
the  States  of  Mississippi  and  Louisiana  and  said  that  one  State  is 
almost  a  reflex  of  the  other,  and  the  forces  which  produced  soil  areas 
placed  on  each  side  of  the  Mississippi  River  faithful  counterparts, 
Louisiana  has  not  yet  reached  maturity,  for  the  Mississippi  Eiver  is 
carrying  to  the  Gulf  and  depositing  soil  material  every  year  equal  to 
over  1  mile  square  300  feet  deep.  Tliis  river  is  gradually  filling  up 
the  Gulf  of  Mexico  and  yearly  extending  the  dominion  of  Louisiana. 
All  of  south  Louisiana  below  Baton  Rouge,  known  as  the  Delta  Plain, 
with  its  immeose  fringe  of  coast  marshes,  is  the  outgrowth  of  the 
materials  brought  down  by  this  great  river.  These  recent  additions  to 
Louisiana  have  no  counterpart  in  Mississippi,  just  as  the  earlier 
foundations  in  Mississippi  find  no  corresponding  representative  in 
Louisiana.  Agriculturally  they  are  princely  domains,  Louisiana  lead- 
ing all  States  in  the  Union  in  the  value  per  acre  of  products  ($25),  fol- 
lowed second  by  Mississippi  with  $19.  Nature  has  blessed  both  States 
viih  a  fertility  of  soil  rarely  equaled,  never  surpassed. 
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The  si)eaker  said  tbat  there  were  strangers  present  who  might  doabt 
the  accuracy  of  such  an  assertion,  and  if  so,  he  asked  them  to  g^  with 
him  over  those  States  in  a  hasty  examination  of  *their  resources,  and  he 
would  guarantee  conviction  even  though  now  surcharged  with  skep- 
ticism. 

PRODUCTIVENESS  OP  THE  MISSISSIPPI  VALLEY. 

Entering  the  mouth  of  the  river  they  would  find  the  far-famed  valley 
of  the  Mississippi,  with  its  numerous  bayous,  upon  whose  banks  thou- 
sands of  acres  of  sugar  cane  are  grown  annually,  half  a  thousand 
central  factories  where  the  juice  is  converted  into  sugap,  half  a  million 
people  interested  in  the  progress  of  this  work,  and  half  a  million  acres 
of  the  most  fertile  lands  on  the  globe  devoted  to  this  crop,  yielding  over 
$25,000,000  annually.  These  lower  alluvial  lands  are  also  weU  adapted 
to  tropical  fruits.  Orange  groves  line  the  lower  banks  of  the  river,  and 
thousands  of  acres  of  winter  truck  gardens  and  rice  are  to  be  found, 
giving  support  and  comfort  to  many  persons.  Follow  up  these  alluvial 
lands,  go  through  the  Eed  Eiver  valley  of  Louisiana,  cross  into  the 
Ouachita,  the  Bouef,  the  Mason  and  the  Tensas,  of  Louisiana,  and  the 
Deer  Creek,  the  Sunflower,  the  Coldwater,  and  Yazoo  bottoms  of  Mis- 
sissippi, and  everywhere  will  be  found  large  and  easily  tilled  planta- 
tions with  palatial  homes.  To  appreciate  the  nature  and  fertQity  of 
these  soils,  it  is  only  necessary  to  watch  the  united  waters  of  the  streams 
hurrying  past  with  a  freight  of  sediment  stolen  from  over  a  thousand 
townships.  Take  a  glassful  from  yonder  river  and  set  it  before  you  to 
settle,  and  you  will  find  in  the  deposit  a  perfect  museum  of  soils  gath- 
ered from  the  fertile  farms  of  New  York  and  Pennsylvania,  firom  the 
sandy  cliiOfs  of  the  great  Kanawha,  from  the  blue-grass  regions  of  Ken- 
tucky and  Tennessee,  from  the  corn  prairies  of  Iowa  and  Illinois,  from 
the  melon  patches  of  the  Cheyenne  squaw,  or  from  the  canyons  of  the 
far-famed  Yellowstone.  Thus  nature  has  robbed  and  is  robbing  the 
Northern  and  Western  States  of  their  finest  soil  material  for  the  benefit 
of  Louisiana  and  Mississippi  Under  Southern  skies  these  sediments, 
triturated,  mixed,  and  deposited,  make  wonderfully  productive  soils. 
Louisiana  has  20,000  and  Mississippi  7,500  square  miles  of  these  soils, 
most  of  which  can  be  made  fit  for  cultivation  under  the  present  system 
of  leveeing  and  drainage. 

For  rich  alluvial  soils,  high  above  overflow,  start  at  Baton  Eouge  and 
proceed  continuously  north  until  you  have  reached  the  city  of  Mem- 
phis; make  frequent  cross  sections  through  this  fertile  belt,  whose 
average  width  is  about  40  miles,  then  cross  the  river  into  Louisiana,  go 
to  the  Bayou  Macon  hills  and  follow  them  down  to  the  Gulf  j  then  turn 
westward  into  the  Attakapas  prairie,  once  the  abode  of  Creole  pouiea 
and  cows,  now  densely  filled  with  the  homes  of  many  thousands  of 
farmers  and  planters,  like  the  soil  they  till,  from  a  score  of  States  con- 
gregated into  villages,  hamlets,  and  colonies. 
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Oo  into  their  fields  and  see  how  they  have  applied  the  mute  instm- 
ments  of  human  indostry  nsed  in  wheat  farming  to  the  more  profitable 
cultivation  of  rice.  You  will  see  Iowa  and  Illinois  reproduced,  gilded 
by  a  glorious  Southern  sunshine.  These  prairies  are  fast  beccmiing 
immense  rice  fields,  and  they  are  inundated  by  260  miles  of  canal. 

The  speaker  then  suggested  that  perhaps  his  hearers  would  prefer 
•to  enter  these  States  by  land.  If  so,  make  a  detour  to  the  east  and 
west  of  the  Mississippi  and  proceed  northward.  There  would  be  found 
inexhaustible  forests  of  longleaf  pine,  dotted  all  over  with  steam  saw- 
mills, whose  products  reach  by  rail  the  treeless  plains  of  the  West  and 
Bocky  Mountain  slopes  and  by  water  the  States  of  Mexico  and  South 
and  Central  America.  The  last  United  States  census  estimated  that 
there  was  nearly  50,000,000,000  feet  of  lumber  in  the  forests  of  Missis- 
sippi and  Louisiana. 

Qo  farther  north  in  both  States  until  you  reach  the  good  uplands. 
There  you  will  find  well-tilled  farms  of  red  and  gray  lands  owned  and 
controlled  by  a  sturdy  and  progressive  yeomanry,  where  fountains  of 
purest  water  gush  from  every  hillside,  and  where  fruits  and  vegetables 
are  easily  grown,  and  stock  of  every  description  cheaply  raised.  At 
Crystal  Springs  many  girls  are  employed  packing  into  crates  the  thou- 
sands of  tomatoes  and  other  vegetables  which  are  shipped  daily  to 
western  markets.  Truck-growing  on  a  large  and  profitable  scale  is 
fast  monoi>olizing  the  attention  of  the  fiftrmers  of  this  section  a^acent 
to  the  great  highways  of  travel. 

Kow  go  to  northeast  Mississippi,  where  there  are  immense  stretches 
of  cretaceous  prairies  with  a  variety  of  soils — black  jack  and  bald 
prairies — all  more  or  less  calcareous  cJays  of  excellent  fertility,  bearing 
large  crops  of  cotton;  where  the  ^'melilotus  alba''  is  preeminently  at 
home,  and  where  oats  and  hairy  vetch  furnish  the  finest  winter  pasture. 

GREAT  VARIETY  OP  PRODUCTIVE  SOILa 

When  you  have  finished  this  trip  through  these  States  you  will  have 
passed  over  a  great  variety  of  soils,  each  possessed  of  individual  char- 
acteristics and  at  different  elevations,  yet  all  productive.  The  sections 
visited  have  the  following  areas:  Alluvial  lands,  20,000  square  miles 
in  Louisiana  and  7,500  in  Mississippi;  blufiT  and  brown  loam,  5,793  in 
Louisiana  and  8,200  in  Mississippi;  oak  and  hickory  uplands,  8,103  in 
Louisiana  and  5,830  in  Mississippi;  longleaf  pine  hills  and  flats,  10,138 
in  Louisiana  and  14,800  in  Mississippi;  central  prairie,  785  in  Louisiana 
and  5,020  in  Mississippi,  and  in  Mississippi  5,990  in  cretaceous  prairies. 

Such  are  the  agricultural  features  of  these  States.  Add  to  the 
fertility  of  the  soil  the  numerous  water  courses  and  their  raOroad  con- 
nections, insuring  cheap  trans];)ortationof  all  products,  and  their  superb 
climatic  conditions,  and  you  have  every  requirement  demanded  by  the 
modem  tiller  of  the  soil.  These  States  grow  almost  every  crop  known  to 
subtropical  and  temperate  climates.    Oranges,  pomegranates,  and  figs 
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are  grown  extensively  near  the  Gulf,  while  wheat,  barley,  and  rye  are 
grown  in  the  northern  sections  of  both  States.  Trnck-growing  io  an 
enormous  industry  along  the  lines  of  the  North  and  South  railroads. 

THE   FINEST   COTTON  IN  THD   WORLD. 

The  speaker  remarked  that  it  was  useless  and  perhaps  saddening  to 
many  present  to  announce  that  these  lands  will  grow  cotton.  Unfor- 
tunately, the  low  prices  prevailing  were  a  strong  reminder  of  the  fact 
that  this  crop  is  grown  in  too  great  quantities,  but  it  may  be  of  interest 
to  know  that  in  1870  Issaquena  County  of  Mississippi,  Chicot  County 
of  Arkansas,  and  East  Carroll  of  Louisiana,  produced  the  largest  acre 
products  in  cotton.  These  counties  are  in  the  Mississippi  basin,  and 
represent  the  intersection  of  three  States,  and  at  this  point  is  located 
the  center  of  maximum  production  of  cotton  in  the  world.  The  cotton 
grown  in  these  valleys  is  for  "  elasticity,  length,  and  strength  of  fiber,'' 
pronounced  the  finest  in  the  world,  and  its  high  appreciation  by 
English  and  eastern  spinners  is  attested  by  the  constant  attendance 
of  their  buyers  in  our  markets.  Corn  and  rust-proof  oats,  planted  at 
the  proper  time  and  in  the  proper  manner,  can  be  grown  in  large  and 
profitable  quantities  in  every  county.  Eice  culture  is  successfully 
conducted  wherever  bayous  and  rivers  furnish  irrigation  water. 
Grasses  and  clovers  thrive  under  the  summer  sun  and  winter  sun- 
shine. Alfalfa  in  the  alluvial  lands  is  a  great  success,  often  yielding 
6  to  8  cuttings  per  year.  All  the  distinct  types  of  tobacco  are  grown 
in  these  States.  The  yellow  leaf,  used  for  plug  and  smoking,  on  the 
hills;  the  cigar  type,  of  excellent  quality,  on  the  bluff  soils;  and  the 
peerless  perique  upon  the  alluvial  lands.  Fruit  culture  is  practiced 
everywhere.  Our  figs,  pomegranates,  and  pecans  are  famous  the 
world  over;  while  peaches,  pears,  and  plums  are  grown  largely  for  the 
market  in  the  northern  portions  of  these  States.  Ramie,  our  vegetable 
silk,  can  be  raised  in  large  quantities.  Both  varieties  of  jute  and 
several  varieties  of  hemp  succeed  well.  Forage  crops  of  almost  every 
kind,  yielding  several  cuttings  each  year,  are  grown  extensively  over 
these  States.  The  conditions  for  stock  raising  are  remarkably  favor- 
able, as  there  is  an  abundance  of  cheap  food,  a  continuity  of  green 
crops  throughout  the  year,  and  a  bountiful  supply  of  water. 

TIMBER    OF  ALL   KINDS. 

The  forests  teem  with  timber  of  all  kinds.  Over  CO  per  cent  of  the 
forest  wealth  of  the  United  States  is  situated  in  the  South,  and  of 
this  amount  these  States  possess  the  lion's  share.  It  is  distributed 
along  the  tributaries  of  the  Mississippi  and  the  Gulf  of  Mexico,  and 
can  thus  be  cheaply  delivered  to  the  markets  of  the  world.  Millions 
of  dollars  have  recently  been  invested  in  these  lumber  resources,  and 
the  sawmills  and  planing  machines  of  the  North,  like  the  cotton  mills, 
are  gradually  moving  South  for  larger  profits.    In  cypress  timber  we 
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ttand  without  a  rival^  and  our  mills  are  patting  annually  nx>on  the 
market  nearly  500,000,000  feet  of  finished  timber.  Oar  oaks  famish  an 
immense  supply  of  staves  annually  to  the  foreign  markets  and  our  ash 
supplies  the  United  States  Navy,  as  well  as  the  merchant  marine,  with 
oars.  Our  walnut,  magnolia,  beech,  persimmon,  gums,  Cottonwood, 
maple,  etc.,  do  or  will  supply  many  wooden-box  or  pai)er  &ctories« 
Salt  of  the  purest  quality  and  in  inexhaustible  quantities  has  been 
found  on  the  Five  Islands  off  the  Louisiana  coast  and  elsewhere  along 
the  geological  backbone  of  Mississippi  West  of  the  salt  deposits 
occur  immense  beds  of  gypsum  and  sulphur,  together  with  flowing 
petroleum  wells.  Marls  of  high  agricultural  value  have  been  found  in 
many  places  in  Mississippi. 

Both  States  are  blessed  with  thousands  of  miles  of  water  courses, 
affording  excellent  facilities  for  getting  our  lumber  and  soils  products 
to  the  outer  world,  and  both  States  have  an  abundant  supply  of  fish  in 
the  rivers,  bayous,  and  Gulf. 

But  our  largest  natural  resource  is  our  location — situated  on  the  Gulf^ 
on  both  sides  of  the  Mississippi  Eiver,  connected  by  the  latter  inland 
with  an  immense  territory  stretching  from  the  Appalachian  to  the 
Eocky  Mountains  and  outward  through  its  mouth  with  every  port  on 
the  globe,  it  must  be  the  gateway  through  which  the  exports  of  the 
entire  valley,  now  populated  with  30,000,000  people,  must  pass. 

TOO  MUCH  LAND,   TOO  MAN7  BiULBS,  AND  TOO  MUCH  IGNO- 
RANT LABOR. 

After  this  description  of  the  agricultural  advantages  of  these  States, 
the  speaker  said : 

But  some  of  onr  Northern  friends  may  ask  why,  with  all  this  ag^cultnral  wealth, 
we  are  not  prosperous  and  contented?  The  reply  can  be  formulated  in  a  single  sen- 
tence :  Too  much  land,  too  many  moles,  and  too  much  ignorant  labor.  The  latter,  as 
hewers  of  wood  and  drawers  of  water,  roustabouts  on  our  steamboats,  cotton  pickers, 
and  saw-mill  hands,  etc.,  are  the  best  laborers  in  the  world.  As  adjutants  to  the 
progressive,  intelligent  farmer,  they  are  valuable;  but  as  independent,  progressive 
farmers  and  as  growers  of  diversified  crops  they  are  as  yet  a  fi^lure  and  wiU  be  for 
some  time  to  come. 

With  an  excess  of  land,  values  are  low,  profits  from  hired  unskilled  labor  uncer- 
tain. Cropping  and  renting,  being  a  more  certain  revenue  to  those  who  hold  largo 
landed  estates,  are  almost  universally  followed.  Hence  extensive  planting  of  cotton, 
with  acre  yields  rarely  exceeding  one-half  of  the  natural  capacity  of  the  soil,  and 
yet  enotgh  in  the  aggregate  crop  throughout  the  South  to  depress  the  price  below 
the  cost  of  production.  As  the  negro  is  our  laborer,  so  is  the  mule  his  constant  com- 
panion at  the  plow,  A  hybrid,  incapable  of  reproduction  and  unfit  for  the  shambles, 
his  only  missiou  is  to  work  and  die.  The  losses  incident  to  these  two  negative 
qualities  in  the  use  of  the  mule  at  the  South  aggregate  in  a  year  many  millions  of 
dollars.  The  mule  must  eventually  go  in  any  well-regulated  system  of  farming. 
Our  large  estates  must  he  disintegrated  and  divided,  cotton  must  become  a  subor- 
dinate Clop,  and  mortgages  and  deeds  of  trust  obliterated  from  our  public  records 
ore  the  fullness  of  farming  can  be  realized.  We  have  reached  the  "parting  of  the 
ways,''  and  must  determine  whether  we  will  cling  to  old  practices  and  become  bank- 
Tapt  or  vigorously  grasp  the  changed  conditions  of  development  and  grow  rich  Skgaixu 
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EXPAvsiov  nr  the  pabhee  aeb  the  paemeb  nr  EX?A]srsioH. 

AGRICULTURAL  SCHOOLS. 

Prof.  William  M.  BeardBbear,  president  Iowa  State  College  of  Agri- 
onltore  and  Mechanics  Arts,  in  speaking  on  the  snbject  of  expansion 
in  the  farmer  and  the  fanner  in  expansion,  said  in  substance: 

Science  with  practice  in  farming  is  recent  not  only  in  tiis  country 
but  in  the  world.  The  British  National  Board  of  Agriculture  was  not 
established  until  1793,  under  the  wise  influence  of  William  Pitt,  the 
boy  premier.  The  first  three  agricultural  schools  in  the  world's  his- 
tory, situated  in  Germany  and  Switzerland,  were  founded  in  1799,  just 
a  hundred  years  ago.  In  this  country  agricultural  education  has  its 
chief  rise  with  the  land-grant  colleges  of  1802.  Yet  the  growth  of 
these' institutions  has  been  most  remarkable.  The  average  farmer  is 
liable  to  look  at  the  college  professor  with  his  science  as  a  kind  of  a 
strange  animal  coming  down  or  rising  up  out  of  some  mysterious 
region,  and  with  it  aU  impracticaL  Some  of  the  professors  have  made 
mistakes  on  the  other  side,  and  have  kept  too  great  a  distance  from  the 
practical  needs  of  the  farm  furrows.  They  have  not  had  their  hearts 
enough  in  the  work  to  make  it  plain  and  simple  to  the  farmer  of  aver- 
age intelligence. 

SCIENTIFIC  FARMING. 

Dr.  Jordan,  of  the  !New  York  Experiment  Station  at  Geneva,  employs 
a  man  to  simplify  the  bulletins  sent  out  by  the  various  stations  of  the 
country  so  as  to  strip  them  of  the  unnecessary  technicalities  and  make 
them  understandable  to  the  average  population  of  the  country.  This 
is  not  i)eculiar  to  higher  learning  in  agriculture.  It  is  true  in  the 
development  of  all  lines  of  new  thought.  But,  on  the  other  hand,  too 
many  farmers  have  talked  too  much  about  book  farming  and  book 
learning  and  gone  on  in  their  old  ways  content  to  continue  their  backs 
to  the  light.  These  farmers  have  made  the  mistake  of  considering  a  few 
well-meaning  yet  stilted  books,  writers,  and  professors  as  excuses  for 
excluding  information  and  help  from  the  realms  of  science.  The  college 
and  the  farm  happily  now  understand  each  other  better.  Science  is 
merely  exact  knowledge  and  sound  sense.  It  is  akin  to  the  practical 
experiences  of  the  intelligent  man  on  his  farm.  Science  is  experience 
of  the  highest  value.  In  the  most  progressive  portions  of  our  country 
through  the  growth  of  these  recent  years  there  are  but  few  gaps  left 
between  the  college  and  the  farm. 

As  striking  illustrations  of  the  quickening  and  improvement  of  the 
implements  of  industry  through  cultured  brains,  the  speaker  cited  the 
history  of  the  evolution  of  the  plow,  and  the  invention  of  the  cotton  gin 
by  Eli  Whitney,  a  New  England  school  teacher.    He  tlien  said: 

It  remained  for  onr  country  and  Massachusetts  to  start  tbe  education  of  all  classes, 
and  the  common-school  system  of  the  United  States  to  lead  the  world  in  the  leayen- 
ing  of  the  minds  of  the  masses  with  the  elements  of  education. 

uigiiizea  oy  V^jOOv  Iv^ 


26 

The  most  si^ificant  meaning  of  expansion  to-day,  not  only  in  the  farmer  bat 
among  all  classes,  is  that  of  the  consistency  and  sympathy  of  education  and  labor. 
It  is  an  accepted  doctrine  of  long  standing  that  the  man  who  ivorks  with  his  brains 
and  becomes  a  scholar  is  granted  equal  rank  in  society  with  jthe  soldier,  the  men  of 
state,  of  the  professions,  and  wealth.  A  worthier  acknowledgment  is  coming  about 
in  the  world,  which  is  that  the  man  who  works  with  his  hands  as  well  as  with  his 
brains,  in  accord  with  advanced  industrial  education  of  to-day,  is  entitled  to  first- 
rank  admis^iion  among  the  best  of  the  earth. 

PROSPECTIVE   SHORTAGE  IN  VTHBAT  SUPPLY  OF  THE  "WORLD. 

The  speaker  referred  to  the  marked  sensation  produced  in  scientific 
circles  in  England  recently  by  the  address  of  Sir  William  Crooks, 
president  of  the  British  Association  for  the  Advancement  of  Science, 
who  asserted  that  within  the  near  future  the  world  will  be  stared  in 
the  face  with  a  grievous  shortage  in  the  wheat  supply,  and  said  that 
Mr.  John  Uyde,  statistician  of  the  United  States  Department  of  Agri- 
culture, had  made  this  address  the  basis  of  a  very  suggestive  study  of 
America  and  the  wheat  problem.  Mr.  Hyde  makes  a  very  thorough 
and  substantial  presentation  of  tlie  wheat  problem  in  the  United 
States  for  the  present  and  coming  generation.  By  1931,  in  the  reason- 
able reach  of  the  activities  of  the  younger  portion  of  this  generation, 
the  population  of  this  country  should  be  about  130,000,000  peoi)le. 
According  to  census  reports  this  would,  as  Mr.  Hyde  says,  make 
demands  upon  our  resources — 

to  include  a  wheat  crop  of  700,000,000  bushels,  without  a  bushel  for  export;  an  oat 
crop  of  1,250,000,000  bushels;  a  corn  crop  of  3,450,000,000  bushels,  and  a  hay  crop  of 
100,000,000  tons,  all  for  domestic  consumption ;  with  cotton  and  wool,  fruit  and  vege- 
tables, dairy  and  poultry  products,  meats,  and  innumerable  minor  commodities  in 
corresponding  proportions.  The  area  necessary  to  the  production  of  the  three  prin- 
cipal cereals  alone  will  be  over  15  per  cent  greater  than  the  enormous  total  acreage 
devoted  in  1898  to  grain,  cotton,  and  hay,  while  the  mere  addition  of  the  two  last- 
mentioned  products  and  of  the  minor  cereals  wiU  call  for  an  acreage  exceeding  the 
total  area  of  improved  land  in  farms  at  the  present  time. 

This  could  be  overcome  by  growth  in  acreage  of  production.  This 
growth  in  acreage  in  proportion  to  the  inhabitants  is  already  decreas- 
ing and  will  decrease  much  more  rapidly  in  the  next  thirty  years. 
Diversified  farming  will  do  much  to  help  out  these  conditions,  but  this 
will  not  be  sufficient  to  meet  the  demands.  Scientific  agriculture  will 
come  in  as  a  significant  factor  in  this  remarkable  calculation.  All 
these  considerations  with  reasonable  certainty  foretell  the  time  within 
the  reach  of  the  present  generation  when  the  chief  reliance  must  be 
upon  the  science  of  American  farming. 

Industry  must  be  fortified  with  a  superior  intelligence,  a  skill  wrought 
out  on  the  farm,  in  the  laboratories  of  the  agricultural  colleges  and 
experiment  stations,  and  the  wise  fostering  of  our  national  Department 
of  Agriculture.  This  means  a  thoroughly  enlightened  farmer  at  the 
end  of  the  next  thirty  years. 

The  spirit  of  expansion  is  not  only  in  the  air,  but,  better,  it  is  in  the 


Digitized  by  VjOOQ IC 


27 

former  himself.  As  a  result  of  this  expansion  in  the  farmer,  he  will 
have  better  confidence  in  himself  and  in  others  than  he  has  had  in  the 
past.  Knowledge,  science^  and  exx>erience  join  interests  to  make  man 
at  home  in  all  callings. 

HiaHBR  BDUCATION  FOR  THE  FARMER  AND  MECHANIC. 

The  speaker  said  that  this  expansion  has  brought  higher  edacation 
to  the  farmer  and  mechanic.  The  Ifational  Government  has  sixty-four 
colleges  and  universities  devoted  exclusively  to  the  higher  education 
of  the  young  farmer  and  mechanic.  From  these  the  graduates  in  agri- 
culture are  now  rapidly  mounting  by  hundreds  each  year,  and  at  the 
present  time  there  are  about  4,000  students  in  these  institutions  en- 
gaged in  the  higher  education  of  agriculture.  Of  all  the  x>6ople  hay- 
ing gainful  occupations  in  our  land,  36  per  cent  are  farmers.  One-third 
of  the  x>opulation  and  one-fourth  of  our  national  wealth  are  in  the 
direct  interests  of  agriculture.  In  one  year  tiie  products  of  these 
farms  amount  to  $2,460,000,000.  A  vast  majority  of  this  marvelous  per- 
centage of  population  is  wholesome  bodied  and  sound  minded.  They 
are  the  reservoirs  of  much  of  the  physical,  mental,  and  moral  energies 
of  the  cities.  They  are  the  conservators  of  patriotism,  industry,  and 
thrift.  They  are  just  getting  a  taste  of  education  applicable  to  their 
industries,  their  home,  and  their  civilization. 

AaRICTTLTXTRAL  PUBUCATIONS  ISSUED  B7  THE   GOVERNMENT. 

Of  the  value  of  the  publications  the  speaker  said : 

In  the  past  few  years  6,663,000  farmers'  bnUetiDS  of  the  most  careful  and  scientifio 
production  and  editing,  and  bearing  upon  practical  questions  of  farm  industry,  have 
been  distributed  among  the  farmers  of  the  United  States. 

A  Yearbook,  a  superb  volume  of  about  800  pages,  brimful  of  practical  matter  to 
the  farmer  aud  with  science  adapted  to  his  understanding,  is  issued  fiee  in  an  annual 
edition  of  500,000  copies.  The  rate  of  increase  in  the  publications  of  the  United 
States  Department  of  Agriculture  has  been  so  great  during  the  last  five  years  that 
if  continued  until  1901  the  total  number  of  copies  will  reach  16,000,000  and  soon  make 
it  possible  for  the  5,500,000  farms  in  the  United  States  to  have  immediate  touch  with 
this  upliftiug  and  inspiring  information.  In  addition  to  this  work  of  the  Govern- 
ment, periodicals  of  State  and  national  reputation  are  devoted  exclusively  to  the 
various  aspects  of  agricultural  industry.  The  experiment  statious  of  the  various 
States  and  Territories  issue  annually  about  450  bulletins  treating  upon  the  subjects 
of  special  scientifio  aud  local  interest  throughout  the  States.  In  addition  to  this  an 
agricultural  literature  has  sprung  up  in  book  lore  that  is  finding  its  way  to  the  more 
progressive  farmers. 

As  eftect  follows  cause,  so  surely  will  this  beneficent  aid  of  the  Government  and 
the  universal  intelligence  of  the  American  farmer  bring  a  marked  advance  in  all 
educational  lines  of  his  calling  in  the  near  future.  *  «  *  Daily  rural  mails, 
which  are  sure  to  come,  good  country  roads,  and  in  thickly  populated  districts  of 
the  United  Stat<ui  electric  railway  connections  wiU  combine  in  the  early  decades 
ahead  to  speed  education  in  agriculture  and  the  intelligence  of  the  farmer. 
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HORTICXJLTURK 
FRT7IT3  AND  OVERSTOCKING. 

Hon.  G.  n.  Van  Houten,  secretary  of  the  Iowa  State  agricultural 
Bociety,  said  tliat  in  its  original  meaning  the  word  horticulture  seemed 
to  signify  a  garden,  but  in  recent  years  it  takes  in  not  only  the  garden, 
but  the  small  fruits,  the  orchard,  and  even  the  landscape,  for  we  hear 
much  of  landscape  gardening,  and  that  one  branch  of  horticulture  has 
engaged  the  attention  of  some  of  our  best  writers. 

The  subject  of  horticulture  is  one  that  is  inexhaustible.  The  changing 
conditions,  the  development,  the  different  climatic  conditions,  the  new 
varieties  being  propagated,  the  changing  fashions — for  fashions  change 
in  horticulture  as  well  as  in  other  things — render  the  study  and  prac- 
tice of  horticulture  one  of  the  progressive  arts  or  sciences. 

We  learn  from  sacred  history  that  horticulture  was  the  first  occupa- 
tion of  man.  It  is  true  that  the  first  orchard  was  not  planted  by  man, 
but  he  was  commanded  to  dress  and  tend  the  garden. 

During  the  many  centuries  when  men  were  tearing  down  rather  than 
building  up,  the  fruits  that  must  have  grown  on  every  hand  were  neg- 
lected and  destroyed,  and  little  but  wild  fruits  remain^. 

Few  localities  are  supplied  with  fruits  of  all  kinds  during  the  season, 
to  say  nothing  about  a  home  supply  after  the  season  of  the  particular 
fruit  has  passed. 

It  may  be  answered  that  prices  are  low  and  at  times  the  markets  have 
been  overstocked.  As  a  matter  of  fact,  compared  with  the  cost  of  pro- 
duction, prices  for  fruits  have  averaged  above  the  prices  of  grain  and 
stock.  It  is  certainly  true  that  the  gluts  in  the  markets  are  in  a  great 
measure  due  to  faulty  distribution.  Fruits,  more  than  any  other  prod- 
ucts, must  find  a  ready  market,  and  must  be  disposed  of  soon  after 
being  received  from  the  grower.  With  more  systematic  handling,  cold 
stonige,  refrigerator  methods  of  transportation,  and  more  attention 
paid  to  finding  markets  there  will  be  less  overstocking,  fewer  losses, 
and  more  satisfaction  to  growers,  dealers,  and  transportation  companies. 

Tbe  speaker  said  he  did  not  assume  to  know  the  subject  suflBciently 
well  to  deal  with  horticulture  in  all  its  different  phases  and  for  all  of 
the  territory  represented  by  delegates  to  the  meeting. 

lie  would  therefore  not  attempt  to  handle  all  the  subtopics  of  the 
matter  under  discussion,  but  would  speak  from  the  standpoint  of  expe- 
rience, more  particularly  as  such  experience  had  been  gained  in  his 
own  locality  and  in  the  fruits  that  do  well  in  the  State  from  which  he 
came. 

Apples. — Of  all  the  fruits  of  the  temperate  zone  none  surpass  the 

apple  in  importance.    The  varieties  are  almost  without  number,  and  are 

being  constantly  increased  by  scientific  pollination.    There  are  early 

nd  late  varieties,  so  that  with  proper  management  fruit  in  its  natural 

».te  can  be  had  every  day  in  the  year.    Not  only  can  apples  be  kept 
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in  the  natural  state,  but  they  can  be  evaporated,  dried,  canned,  pre- 
fieryed,  and  pnt  up  In  yarions  ways,  to  say  nothing  of  the  processes  of 
expressing  the  jnice  and  makiog  it  np  into  butters,  etc 

In  the  Northwest  generally  too  great  a  proportion  of  early  varieties 
is  planted.  A  selection  should  be  made  that  will  bring  i^ples  eariy^ 
and  then  a  succession  during  the  entire  season,  with  a  goodly  number 
of  trees  of  long-keeping  varieties  to  last  over  winter.  It  is  not  neces- 
sary to  have  cold  storage  for  this,  for  caves  are  found  to  be  an  excellent 
and  cheap  means  of  keeping  apples.  If  the  caves  are  deep  and  with 
sub-earth  ventilation  the  best  results  will  be  obtained  and  at  small 
cost.  If  made  of  brick  or  stone  or  other  substantial  material  they 
will  last  as  long  as  required,  but  even  if  built  of  hard  wood  they  will 
last  many  years.  The  great  difficulty  is  to  keep  rats  out  of  wood  cave& 
Some  good  caves  are  made  of  concrete  blocks  or  slabs,  formed  so  sm 
to  make  a  cave  shaped  like  a  cone,  with  a  door  on  one  side  with  steps, 
and  double  doors  to  keep  out  the  cold. 

In  the  selection  of  varieties  of  i^ples  for  planting  the  safest  rule 
that  can  be  given  is  to  plant  those  varieties  that  are  known  to  succeed 
in  the  locality  where  you  desire  to  plant,  and  especially  on  similar 
soils  and  exposures. 

It  is  all  right  to  experiment,  and  under  conditions  likely  to  prove 
beneficial,  experimenting  should  be  encouraged,  but  ordinary  experi- 
ments are  neither  profitable  nor  educational,  for  the  reason  that  they 
are  not  systematic  and  are  not  reported  with  such  care  imd  correctness 
as  to  be  valuable.  The  experiment  stations  are  better  equipped  for  this 
work  than  the  average  individual  and  have  better  means  of  disseminat- 
ing the  results  of  the  experiments. 

Pears. — Pear  growing  has  notprovedsuccessful  generally  in  theKorth, 
and  except  in  a  few  localities  has  not  been  a  success  with  individuals. 
It  may  be  that  with  the  introduction  of  foreign  varieties  or  by  seedling 
production,  varieties  may  be  obtained  that  will  thrive.  Blight  is  the 
present  cause  of  failure,  and  until  nonblighting  varieties  are  obtained 
the  whole  northland  will  imx>ort  pears  or  go  without.  There  is  a  great 
demand  for  pears,  and  if  they  can  be  supplied  of  a  good  quality  at  rea- 
sonable prices  a  good  steady  market  is  assured. 

Peaehes. — Peaches  are  grown  successfully  as  far  north  as  the  forty- 
first  parallel  of  latitude,  and  yet  there  are  but  few  places  so  far  north 
where  they  thrive  and  are  anyways  certain  to  produce  a  crop.  Peach 
trees  live  and  some  of  the  hardier  varieties  bear  as  far  north  as  north 
centrallowa,  but  some  years,  even  in  latitudes  much  farther  south,  and 
frequently  over  limited  areas,  the  frost  kills  the  buds  and  the  trees  fail 
to  bear.  Therefore,  unless  much  hardier  varieties  are  produced  and 
more  favorable  conditions  exist,  there  will  be  a  demand  for  fruit,  and 
those  who  live  farther  south  will  find  a  market  for  their  peaches. 

Aprieots. — Some  of  the  Russian  varieties  seem  hardy  enough  to 
endure  the  rigors  of  climates  as  severe  as  that  of  central  Iowa,  bat 
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little  of  this  fruit  is  grown.  The  question  of  stocks  for  half-hardy  and 
tender  fruits  has  not  received  the  attention  it  deserves.  When  it  is 
taken  up  and  studied  it  is  quite  probable  that  there  will  be  a  great 
increase  of  productiveness  and  fruitfulness.  The  question  of  adapta- 
bility of  stocks  to  scions,  or  as  it  is  often  termed  congeniality j  is  receiv- 
ing a  little  attention  and  will  receive  more  as  we  gain  experience  and 
have  time  to  turn  our  attention  to  these  more  intricate  matters  in  horti- 
culture. 

Plums. — None  of  the  wild  or  native  fruits  of  North  America  sur- 
passes the  plum  in  variety  or  excellence,  and  the  American  varieties 
c^n  not  be  displaced  by  any  of  those  introduced  fipom  Europe,  Asia, 
and  the  islands  of  the  sea.  Foreign  varieties  may  be  larger  and  more 
showy,  but  they  can  not  equal  the  native  in  quality.  Their  great 
variety,  their  excellence  and  tUeir  reliability  leave  little  to  be  desired 
in  the  way  of  season  and  quality,  and  some  of  the  newer  varieties 
propagated  by  enthusiastic  growers  are  approaching  in  size  the  foreign 
varieties.  The  plum,,unlike  other  native  fruits,  has  a  wide  area,  and 
endures  the  heat  of  the  South  and  the  cold  of  the  North,  so  that  native 
varieties  can  be  found  that  will  meet  the  requirements  of  any  special 
locality  from  the  Great  Lakes  of  the  North  to  the  Gulf  of  Mexico.  The 
Ohicasa  varieties  are  not  as  desirable  for  the  North  as  those  known  as 
Americana  varieties. 

Crosses  and  hybrids  of  the  native  plums  and  varieties  from  Europe, 
and  more  particularly  from  Japan,  are  so  promising  that  many  active 
experimenters  are  giving  considerable  attention  to  this  branch  of  hor- 
ticultural work.  No  matter  how  good  the  quality  of  a  fruit  may  be,  if 
the  size  is  small  there  will  be  a  demand  for  something  larger.  This 
opens  up  a  field  for  experiment,  and  encouragement  should  be  given  to 
those  who  desire  to  produce  new  varieties. 

Cherries. — Unlike  plums,  the  native  cherries  of  North  America  have 
never  become  popular,  and  yet  it  may  be  found  necessary  to  use 
the  Prunus  pennsylvanica  as  a  stock  for  the  red  cherries  of  Europe, 
Experiments  along  this  line  indicate  that  it  will  pay  to  do  so.  There 
is  a  long  list  of  varieties,  and  the  range  of  bize,  season,  and  quality 
enables  the  planter  to  make  a  choice  with  the  hope  of  getting  just 
what  he  desires.  Some  of  the  varieties  are  not  hardy  enough  for  the 
north,  but  there  are  many  that  are  hardy  and  of  good  quality.  Others 
do  well  farther  south,  so  that  varieties  may  be  found  suited  to  the 
especial  requirements  of  the  planter  and  the  place  in  any  given  locality. 
The  cherry  is  becoming  one  of  the  popular  market  fruits,  and  many 
large  orchards  are  being  planted,  so  that  it  is  safe  to  assume  that  there 
will  be  a  large  increase  in  this  palatable  fruit.  The  speaker  has  not 
given  up  hope  of  getting  something  good  in  cherries  from  Japan.  The 
cherry  is  one  of  the  most  i)opular,  if  not  the  most  popular,  tree  for  park 
^anting  in  Japan.  The  trees  are  hardy,  grow  to  large  size,  and  afford 
osos  and  variety  of  bloom  that  is  surprising.    If  the  importations 
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do  not  give  ns  what  we  want,  then  seedlings  should  be  planted  or 
crosses  procured  so  that  we  may  try  to  get  some  of  the  desirable  char- 
acteristics  of  the  Japanese  yarieties.    This  is  a  field  for  experiment 
that  has  not  received  the  attention  it  deserves. 
The  speaker  said : 

The  plums  m  Japan,  haye  a  seaaon  and  variety  of  bloom,  that  is  perfectly  aston^ 
isbing,  and  the  fact  that  the  fmits  in  Japan  stand  quite  hard  freezin^:  when  in  bloom 
seems  rather  strange  when  we  consider  that  the  weak  point  in  growing  snch  fruits 
ia  the  United  States  is  from  the  supposed  tenderness-  of  the  bloom.  In  Japan  for 
days  azid  nights  together  I  have  seen  ice  form  to  a  considerable  thickness,  and  yet 
the  tree  blooms  seemed  to  endue  it  withoat  injury,  in  the  United  States  we  always 
hear  that  the  Japaa  plnms  fail  becanse  of  spring  frosts. 

'  Time  will  not  permit  me  to  discuss  aU  of  the  fruits  that  wiU  do  well  in  even  agiyen 
Ibcality,  but  the  growing  imxK>rtance  of  at  least  one  of  the  smaU  fruits  induces  me  to 
name  one  in  this  connection. 

Strawberries. — Inasmneh  as  the  strawberry  is  easily  grown,  that  it 
can  be  grown  almost  anywhere,  that  there  is  scarcely  any  limit  to  the  • 
distance  it  can  be  shipped  by  rail,  and  that  the  seasons  are  snch  as  to 
encourage  the  growing  of  the  firoit  in  one  climate  to  supply  it  in  a 
&esh  state  to  perscoa  living  in  other  climates,  make  it  one  of  the  most 
popular  and  profitable  market  fruits. 

There  are  localities  that  ship  hundreds  of  carloads  of  berries  during 
a  season,  and  some  of  them  are  greatly  increasing  their  acreage.  In 
the  busy  seasan  in  Missouri  ten  thousand  pickers  may  be  seen  at  work 
in  one  locality  and  the  berries  going  out  by  the  carload. 

Texas,  Florida,  Mississippi^  and  other  States  south  begin  in  the 
winter  to  ship  berries  north,  and  as  the  season  advances  the  growers 
farther  north  begin  to  supply  the  demand,  and  as  the  sun  advances 
toward  the  north  the  berries  ripen,  until  in  the  summer  time  the  North- 
land comes  up  with  its  crop  of  this  delicious  fruit.  Strawberries  grow 
even  as  far  away  to  the  north  as  Alaska.  With  the  many  good  varieties 
any  given  locality  can  be  supplied  with  this  splendid  fruit 

What  haa  been  said  of  strawberries  can  be  said  to  a  less  extent  of 
raspberries,  currants,  gooseberries,  blackberries,  and  other  small  fruits. 

BAMBOO. 

The  day  will  come  when  all  of  our  Southland  will  grow  the  bamboo. 
Travelers  in  the  fiar  East,  and  especially  in  Japan,  are  impressed  with 
the  importance  of  the  bamboo.  It  is  used  for  almost  everything,  and 
is  profitably  used  too.  It  can  be  grown  so  easily  and  in  such  profusion 
that  when  we  begin  to  study  economy,  as  we  must  some  time,  we  will 
raise  bamboo  in  all  localities  where  it  will  grow.  It  thrives  wonder- 
fully well  as  far  north  as  central  Japan,  and  we  are  led  to  believe  that 
it  will  thrive  in  the  Southern  States  as  far  north  as  Tennessee.  It 
grows  to  considerable  size  even  as  far  north  as  the  latitude  of  southern 
Iowa,  but  Iowa  winters  are  too  severe  for  it 

It  would  flourish  in  the  South,  and  it  is  susceptible  of  so  many  and  such 
Tttried  uses  that  it  must  be  seen  and  utilized  to  be  fully  appreciated. 
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AOEIGULTUBAL  EBUCATIOV. 
ENDOWMENT  OF  AaRICTTLTURAL  COiaLEaES. 

Agricultural  education  was  the  topic  discussed  by  Prof.  William  M. 
Liggett,  dean  of  the  College  and  Scbool  of  Agriculture  of  the  University 
of  Minnesota.  He  referred  to  the  passage  in  1862  of  the  bill  intro- 
duced by  the  late  Senator  Morrill  and  passed  by  Congress,  granting 
11,000,000  acres  of  the  public  domain  for  the  purpose  of  endowing  an 
agricultural  college  in  each  State  in  the  Union  j  the  passage  in  1890 
of  the  so-called  Morrill  bill  making  appropriations^  from  the  sale  of 
public  lands  to  supplement  the  income  from  the  original  grantj  the 
liberal  appropriations  from  State  treasuries  for  buildings,  equipment, 
and  running  expenses,  and  said: 

With  such  endowments  it  is  not  nnreasonable  for  the  public  to  look  for  results, 
and  to  be  disappointed  when  Senator  Morrill's  dream  of  the  practical  school  of  agri- 
culture did  not  rapidly  materialize. 

The  evolution  of  the  now  popular  idea  of  practical  courses  of  study  in  agricultural 
schools  has  been  slow.  Half  a  century  ago  all  school  methods  taUicd  with  the  idea 
that  learning  was  for  the  few.  The  modern  idea  is  to  diffuse  knowledge  and  give 
rich  and  poor  equal  opportunities  for  individual  development  and  advancement. 
This  is  in  such  close  accord  with  American  sentiment  and  theory  of  American  govern* 
ment  that  it  only  needed  to  be  proposed  to  be  generally  adopted. 

Now,  the  States  have  opened  all  doors,  from  the  district  schools  to  the  university, 
on  the  theory  that  ignorance  is  the  enemy  of  the  state  and  a  menace  to  popular 
government. 

It  is  unfortunate  that  the  swift  movement  toward  popular  education 
was  not  quickly  followed  by  a  radical  revision  of  school  methods.  The 
old  machinery  made  to  grind  out  doctors,  lawyers,  and  preachers  has 
continued  too  long  and  the  grist  has  been  a  disappointment. 

The  city  has  grown  at  the  expense  of  the  country.  The  brightest 
young  people  have  left  the  farms,  the  standard  of  country  living  has 
been  lowered,  and  the  professions  have  become  so  overcrowded  that 
the  surplus  is  a  burden  to  society.  But  common  sense  has  been  too 
strong  for  old  traditions,  and  it  is  now  generally  admitted  that  if  edu- 
cation is  to  bo  nniversal,  or  even  general,  it  mnst  be  along  practical 
lines,  and  that  school  is  counted  the  best  which,  while  developing  a 
well-rounded  character,  best  fits  the  student  for  his  chosen  calling. 

To  be  successful  a  school  of  agriculture  must  command  the  respect 
and  approval  of  those  most  interested  in  the  work,  and  with  a  school 
planned  and  conducted  on  right  lines  the  problem  how  best  to  extend 
its  usefulness  is  greatly  simplified. 

MODERN  IDEA  OF  PRACTICAL  FARM  EDUCATION. 

The  speaker  said  that  by  way  of  illustration  he  would  refer  to  some 
phases  of  experience  in  the  Minnesota  School  of  Agriculture  as  a  fair 
embodiment  of  the  modern  idea  of  practical  farm  education.    This 

hool  was  among  the  first  to  adopt  a  practical  course  of  study  and 
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practical  methods  of  instruction.  A  very  large  percentage  of  the  gradu- 
ates follow  agricultural  pursuits,  and  the  people  of  Minnesota  are  well- 
nigh  unanimous  in  its  support.  Its  success  in  these  particulars  is 
phenomenal  and  worthy  of  careful  study. 

The  foundations  of  the  school  were  carefully  laid  along  practical 
lines.  The  location  chosen  was  the  State  Experiment  Station,  where 
during  the  entire  year  the  teaching  force  carry  on  actual  experiment 
work  and  gather  material  for  use  in  their  no  less  important  capacity  as 
teachers  in  the  winter  school.  This  close  alliance  of  the  school  and  the 
station  is  a  strong  point,  and  as  the  station  is  near  the  university  (of 
which  the  School  of  Agriculture  is  a  department),  the  fine  equipment 
of  that  liberally  supiwrted  institution  is  always  at  command  for  the 
use  of  both  students  and  faculty.  As  the  prospective  students  would 
be  from  the  fiirm,  the  sessions  were  made  in  winter,  the  season  of  com- 
parative leisure  in  the  country.  Dormitories  were  built  calculated  to 
bring  the  students  in  closer  touch  with  the  faculty  and  teaching  force  j 
and  to  create  a  school  home  and  home  life,  a  liberal  table  was  provided 
at  cost;  a  simple  gymnasium  was  provided,  and  military  drill  and 
physical  culture  required. 

The  course  of  study  aims  to  supplement  what  the  student  already 
knows,  and  at  the  same  time  to  thoroughly  cover  all  lines  of  agricul- 
tural work. 

Thoroughly  practical  methods  of  teaching  are  followed,  and  the  aim 
is  to  teach  the  one  best  way  of  doing  a  thing  and  clinch  the  lesson  by 
giving  the  reason  for  it,  thus  training  the  mind  of  the  student  to  search 
for  those  fundamental  principles  which,  in  the  future,  will  be  needed  to 
direct  him  in  the  conduct  of  independent  investigations. 

In  the  side  lines  that  bear  a  close  relation  to  farming  enough  is 
taught  for  practical  use.  In  blacksmithing  the  student  learns  to  make 
all  ordinary  repairs  to  farm  implements.  In  carpentry  he  is  taught  the 
use  of  tools  and  how  to  construct  ordinary  farm  buildings.  In  horti- 
culture the  management  of  the  farm  garden  is  completely  covered.  In 
dairying  the  student  follows  the  whole  process  of  butter  and  cheese 
making  from  the  cow  to  the  completed  product  ready  for  shipment,  and 
learns  the  use  of  every  implement  employed.  In  entomology  he  learns 
to  know  insect  friends  and  enemies,  and  how  to  protect  one  and  destroy 
the  other.  In  chemistry  he  learns  the  composition  and  values  of  the 
feed  which  his  live  stock  consumes,  and  how  to  analyze  the  soil  he  tills. 
In  botany  he  learns  the  laws  which  govern  plant  growth,  and  gets  the 
key  to  the  best  methods  of  culture.  In  the  veterinary  class  he  learns 
how  to  treat  the  common  diseases  of  domestic  animals  and  something 
of  simple  surgery,  and  in  the  broader  study  of  agricultural  work  the 
best  method  of  culture  and  use  of  farm  implements.  In  live  stock, 
judging  animals  is  thoroughly  taught,  and  the  science  of  feeding  is 
made  an  exhaustive  study.  Slaughtering  animals  and  cutting  and  cur- 
ing of  meats  is  explained  to  an  extent  covering  the  needs  of  an 
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ordinary  farm.  All  these  lessons  are  clinched  by  actnal  work.  The 
stadent  is  not  only  told  how  to  do  things,  bnt  is  required  to  do  them 
under  the  eye  of  a  careful  and  intelligent  instructor, 

BflETHODS  OF  TBACHINa. 

The  speaker  said  that,  as  an  illustration  of  the  methods  of  teaching, 
a  class  in  live  stock  might  be  mentioned.  A  cow,  for  example,  is 
brought  in.  Many  students  when  they  reach  the  school  think  they 
know  all  about  cows  and  need  no  introduction  to  them.  But  when  the 
cow  before  the  class  is  analyzed,  her  faults  shown,  her  good  points 
made  known,  and  the  ideal  cow  made  plain  to  the  mind's  eye,  a  new 
interest  is  aroused,  and  when  later  the  student  is  required  to  judge  a 
different  one,  applying  for  himself  the  principles  taught,  the  practical 
lesson  is  fixed  in  memory  beyond  any  probability  of  losing  it  And 
when  he  is  led  on  into  the  science  of  feeding  and  learns  that  kindness, 
comfort,  and  shelter  pay,  and  that  feed  not  needed  is  worse  than 
wasted,  and  that  want  of  a  properly  balanced  ration  is  partial  starva- 
tion, he  begins  to  understand  that  he  knew  a  very  little  about  cows, 
and  what  was  perhaps  distasteful  before  takes  on  a  new  and  intense 
interest. 

The  same  line  of  instruction  is  followed  in  other  departments.  The 
lessons- taught  in  all  the  class  rooms  are  so  clearly  practical  ahd  val- 
uable that  it  is  seldom  that  an  experienced  farmer  visits  the  school 
without  saying,  "If  I  could  have  had  such  instruction  when  I  was  a 
young  man  it  would  have  saved  me  thousands  of  dollars.'^ 

But,  however  wisely  the  foundations  of  a  school  are  laid,  its  success 
depends  upon  its  teaching  force.  That  of  the  Minnesota  School  of 
Agriculture  is  a  harmonious  body,  working  together  for  the  single  pur- 
pose of  winning  success  for  the  school,  and  each  member  is  an  expert 
and  an  enthusiast  in  his  or  her  line  and  in  full  sympathy  with  rural 
life. 

It  is  of  no  use  to  have  instructors  to  teach  young  people  what  they 
do  not  believe  themselves,  and  the  best  teachers  are  enthusiasts  who 
can  inspire  everyone  around  them  with  something  of  their  own 
sentiment. 

THE  SCHOOL  MUST  KBBP  IN  CLOSE  TOUCH  WITH  THE  FARMER. 

The  school  of  agriculture  which  expects  to  grow  in  attendance  and 
influence  must  keep  in  close  touch  with  the  intelligent  and  progressive 
formers  of  the  State.  No  dean  or  professor  is  so  wise  or  well  equipped 
that  he  can  not  learn  something  from  the  men  who  walk  between  the 
handles  of  the  plow  and  put  all  theories  to  the  test  of  actual  practice. 
It  is  a  pleasure  to  acknowledge  that  many  of  the  most  practical  fea- 
tures of  the  course  of  study  at  the  Minnesota  school  are  based  upon 
suggestions  from  farmers  whose  wisdom  came  from  the  fields. 
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TO  CHBCK  THE  TENDENCnr  CITYWARD. 

Whetlier  schools  of  agriculture  will  check  the  migration  of  the  bright 
youDg  men  and  women  from  the  farms  to  the  cities  remains  to  be  seen. 
It  is  not  expected,  nor  is  it  desirable,  that  all  graduates  of  these 
schools  should  remain  on  the  farm.  Some  are  unfitted  to  be  farmers, 
and  if  such  choose  a  calling  that  is  distasteful  to  them  the  calling  is 
discredited  and  the  individual  is  hampered  by  an  uncongenial  employ- 
ment. To  check  the  tendency  cityward,  schools  of  agriculture  should 
present  the  attractions  of  the  country  in  new  and  favorable  lights,  so 
that  the  substantial  advantages  of  rural  life  will  not  suffer  by  compar- 
ison with  the  more  brilliant  but  illusive  attractions  of  the  city.  All 
the  systems  of  education,  including  the  country  school,  have  in  the 
past  educated  children  away  from  the  country.  One  of  the  missions  of 
the  school  of  agriculture  is  to  make  the  country  home  stand  in  its  true 
relation  to  wholesome  living,  and  to  enable  young  people  to  decide 
fairly  and  intelligently  between  the  country  and  the  city. 

Fortunately  the  students  in  these  schools  are  good  material  to  begin 
with,  and  most  of  them  are  studious,  ambitious,  and  self-reliant. 

What  an  nplifting  force  will  be  developed  out  of  these  centers  of  influence  as  the 
graduates  year  after  year  assume  their  duties  as  citizens  and  found  new  homes  can 
hardly  be  imagined,  but  that  it  wiU  be  a  powerful  factor  in  placing  agriculture  in 
the  front  rank  of  industrial  progress  does  not  admit  of  a  doubt.  For  myself,  I  look 
forward  to  the  future  of  schools  of  agriculture  with  a  confidence  which  I  believe  is 
fully  warranted  by  the  success  already  achieved,  and  expect  to  see  their  influence 
steadily  increase  and  widen  until  the  efiect  of  their  good  work  becomes  more  and 
more  apparent  in  the  betterment  of  conditions  on  the  American  farm  and  the  gen- 
eral uplifting  of  this  the  most  important  class  of  the  world's  workers. 

STOCKS  AHB  FEEDS  TO  FEEB  THEM. 
LOSING  MONEY  GROWING  COTTON. 

Prof.  W.  0.  Welborn,  of  the  Agricultural  and  Mechanical  College, 
Mississippi,  said  ho  attended  a  farmers'  institute  last  summer  in  one  of 
the  hill  counties  of  Mississippi,  where,  like  all  other  parts  of  the  State, 
the  people  depend  on  planting  enough  cotton  to  buy  money  or  credit 
enough  to  buy  a  living  with.  He  wrote  down  all  the  items  of  expense 
incurred  in  growing  cotton,  from  the  preparation  of  the  land  to  the 
marketing  of  the  crop  and  farmers  present  filled  in  the  figures.  The 
average  yield  in  the  county  was  one- third  of  a  bale  per  acre  and 
the  expense  footed  up  $12.  The  cotton  and  seed  at  the  prices  then 
prevailing  amounted  to  $9.35,  making  a  net  loss  of  $2.G5  on  every  acre 
of  land  growing  cotton. 

A  few  days  before  the  present  convention  he  was  at  a  large  farmers^ 
meeting  at  Magnolia,  Miss.,  where  the  people  were  earnestly  asking 
what  they  should  do  to  be  saved  from  bankruptcy.  He  repeated  the 
inquiry  as  to  the  cost  of  growing  the  great  staple  at  the  rate  of  yield 
there  prevailing,  which  was  likewise  one  third  of  a  bale  per  acre.    The 
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expense  column  footed  up  $10.85.  Dedncting  firom  this  the  valne  of 
tlie  crop^  the  net  loss  was  found  to  be  $1.60  per  acre,  or  $4.60  per  bale, 
on  all  cotton  raised  in  Pike  County.  At  this  same  meeting  it  was 
shown  that  a  bale  of  cotton  per  acre  would  give  a  profit  of  $11.35,  but 
the  people  said  they  could  not  make  a  bale  of  cotton  per  acre  except 
on  a  favored  spot  now  and  then — that  they  could  not  make  it  even  with 
a  large  amount  of  purchased  fertilizer. 

Only  small  applications  of  concentrated  manures  are  found  profita- 
ble. From  long-continued  cultivation  in  cotton,  the  land  has  lost  its 
life-giving  vegetable  matter,  or  humus.  It  will  not  hold  enough  water 
to  supply  the  yield  of  crops  that  large  applications  of  fertilizers  should 
give.  The  land  needs  a  rotation  of  crops,  including  leguminous  crops 
and  pasture  grasses,  and  should  be  devoted  to  the  live-stock  industry, 
instead  of  cotton,  the  lint  and  seed  of  which  are  shipped  to  distant 
States  and  countries. 

For  the  benefit  of  those  persons  who  think  that  the  agriculture  of 
the  State  is  diversified  enough,  the  speaker  said  that  of  the  crops 
grown  in  Mississippi  in  1898,  the  value  of  which  he  had  roughly  esti- 
mated at  $50,000,000,  he  could  not  find  in  any  statistics  at  command 
enough  crops  other  than  corn  and  cotton  to  make  $5,000,000  in  value. 
With  a  climate  and  soil  admirably  adapted  to  hay  grasses  and  forage 
crops,  Mississippi  raised  in  1890  less  than  100,000  tons  of  hay;  with 
the  finest  land  on  the  globe  for  fruits  and  vegetables,  she  produced  less 
than  $250,000  worth ;  and  with  the  far-famed  cowpea,  the  clover  of  the 
South,  the  easiest  of  all  crops  to  grow,  the  greatest  fertilizer  ever  given 
to  man,  a  stock  food  second  to  none  on  earth,  but  240,000  bushels  had 
been  grown  that  year,  when  10,000,000  bushels  should  be  grown. 

MISSISSIPPI  AND  IOWA  PRODUCTIONS  COMPARED. 

He  said  tliat  in  order  to  get  at  the  truth  of  the  matter  as  to  whether 
Mississippi  is  as  prosperous  as  she  should  be,  he  would  briefly  compare 
that  State  with  one  of  the  Northern  States  having  a  smaller  agricultural 
population. 

In  1890  Iowa  farmers  worked  25,000,000  acres  of  land;  Mississippi 
farmers,  greater  in  number,  worked  but  7,000,000  acres. 

If  Mississippi  raised  $50,000,000  worth  of  field  crops  last  year,  Iowa, 
as  estimated,  raised  no  less  than  $120,000,000  worth.  In  1890  Iowa 
produced  500,000,000  gallons  of  milk,  worth  $40,000,000,  as  compared 
with  $4,000,000  in  Mississippi.  The  peo])le  of  Iowa  in  1890  had  in 
round  numbers  22,000,000  fowls,  laying  eggs  valued  at  $7,000,000. 
Mississippi  had  6,000,000  fowls,  laying  $1,000,000  worth  of  eggs.  The 
statistics  available  did  not  give  the  annual  supplies  of  pork,  beef,  mut- 
ton, etc.,  for  slaughter,  half  of  whose  value  no  doubt  came  from  pastures 
the  product  of  which  were  not  otherwise  enumerated.  Considering 
these  itx^ms  the  conclusion  is  irresistible  that  each  Iowa  farmer's  income 

^hree  times  that  of  the  Mississippi  farmer. 
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In  1896  the  people  of  Mississippi  owned  291,000  milch  cows  worth 
less  than  $13  each,  and  440,000  other  cattle  worth  $8  a  head.  Iowa 
people  owned  1,200,000  milch  cows  worth  $28.50  each  and  2,200,000  other 
cattle  worth  $25  a  head.  Mississippi's  2,000,000  razor-back  hogs  were 
worth  $2.40  each,  while  Iowa's  3,750,000  hogs  were  worth  $6. 

Of  hogs,  cattle,  and  sheep  Mississippi  has  $12,000,000  worth  and 
Iowa  $112,000,000  worth,  or  nearly  nine  and  one-half  times  as  many. 
Who  can  wonder  that  Iowa's  per  capita  wealth  is  $1,200,  while  Missis- 
sippi's is  bat  $350,  and  the  total  wealth  of  the  former  State  is  five 
times  that  of  the  latter  t 

imXED    HUSBANDR7    AND    DIVERSIFIED    AGRICULTirRE. 

The  speaker  said  he  believed  that  mixed  husbandry  and  diversified 
agricoltnre,  in  which  enough  stock  is  kept  to  consume  most  of  the 
products  of  the  farm,  are  largely  responsible  for  the  excellent  showiug 
made  by  the  Northern  sister  State  as  compared  with  his  own  State. 
In  Mississippi  a  system  of  ill-advised,  badly  balanced,  lopsided  farming 
is  followed  that  enables  a  hand  to  wear  out  about  15  acres  at  a  time. 

They  now  grow  mostly  a  crop  requiring  an  immense  amount  of 
human  labor,  the  most  expensive  factor  that  enters  into  any  business. 
The  culture  of  cotton,  allowing  the  laud  to  remain  bare  all  winter,  has 
80  facilitated  washing  and  leaching  of  the  soil  during  open  winters  as 
to  well-nigh  ruin  much  of  the  best  land  God  ever  gave  to  any  i)eople. 

Much  of  the  land  has  become  so  infertile  and  the  price  of  cotton  so 
low  on  account  of  too  exclusive  culture  that  landowners  can  not  make 
day  laborers'  wages  for  themselves  and  families  while  growing  it. 
Necessity  is  moving  the  people  as  never  before  to  find  new  crops  and 
new  products  to  divert  some  of  the  labor  and  utilize  the  lands.  A 
better-balanced  system  of  agriculture  is  needed— one  that  will  include 
more  crops  to  enrich  instead  of  wear  out  the  lands  j  one  that  will 
include  more  live  stock  to  consume  the  products  and  paanure  to  still 
further  enrich  the  soil.  Such  a  system,  if  intelligently  planned,  will 
enable  each  farmer  to  profitably  utilize  3  acres  where  he  now  loses 
money  on  1. 

ROTATION   OP    CROPS. 

By  a  suitable  rotation  of  cotton,  corn,  and  peas,  oats  and  peas,  hay 
grasses  and  pasture,  every  acre  of  run-down  farms  might  in  a  few 
years  have  its  producing  capacity  more  than  doubled.  With  plenty  of 
stock,  feed  stuffs  may  be  grown  on  the  least  desirable  parts  of  the 
farms  and  fed  on  the  most  desirable,  and  thus  have  the  fertility 
moved,  in  a  measure,  to  where  it  is  wanted. 

From  the  earliest  times  it  has  been  known  that  one  crop  would  in 
some  way  prepare  the  land  for  making  another  crop.  In  the  light  of 
modem  science  it  is  now  quite  well  known  that  certain  plants  draw  on 
the  atmosphere  for  definite  quantities  of  nitrogen  whose  compounds 
make  our  most  nutritious  feed  stufTs  and  our  richest  fertilizers,  and  the 
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amonnt  and  valae  of  whicli  may  be  compnted  as  accurately  as  may  be 
the  valae  of  a  bale  of  cotton  or  a  load  of  com« 

WHAT  WAS  RAISED  AT  THB  LOUISIANA  EZPBRIMZiNT  STATION. 

Dr.  Stabbs  tells  ns  in  a  bulletin  soon  to  be  issued  from  the  Louisiana 
station  that  an  acre  of  Spanish  peanuts  grown  on  poor  pine  lands  at 
Oalhoun,  La.,  contained  192  pounds  of  this  nitrogen,  worth  at  commer- 
cial fertilizer's  value  at  least  $25.  An  acre  of  velvet  beans  contained 
191  pounds,  and  an  acre  of  cowpeas  108  pounds.  These  crops  made 
from  two  to  three  and  a  half  tons  of  feed  stuffs  richer  in  food  elements 
than  wheat  bran.  When  they  can  be  fed  to  stock  without  serious  loss 
of  fertilizing  value  is  there  any  excuse  for  having  poor  land  and  poorer 
stockt  Professor  Duggar,  at  the  Alabama  Station,  found  an  acre  of 
Spanish  peanuts  on  poor  gravelly  land  produced  600  pounds  of  live 
weight  of  hogs,  and  an  acre  of  cowpeas  about  400  pounds.  Ifo  country 
on  earth  has  such  advantages  for  growing  restorative  forage  crops,  and 
yet  no  country  makes  so  little  use  of  them.  By  a  simple  rotation  of 
crops,  with  a  very  moderate  application  of  mineral  fertilizers,  the 
poorest  farm  in  the  State  may  soon  be  built  up  to  where  it  will  produce 
40  bushels  of  com  or  a  bale  of  cotton  with  as  much  ease  and  certainty 
as  the  great  Yazoo  Delta.  Br.  Stubbs  did  this  at  Calhoun,  La.,  on 
land  showing  by  analysis  extreme  poverty. 

By  rotating  cotton,  corn,  and  peas,  and  oats  followed  by  peas  the 
same  season,  he  brought  the  cotton  up  to  a  bale  and  over,  the  com  yield 
to  37  bushels,  and  the  oats  in  one  case  to  over  60  bushels,  and  pea- vine 
hay  to  2  tons.  To  inaugurate  such  a  practice  it  is  only  necessary  to 
divide  the  farm  into  three  parts,  plant  the  three  crops,  and  let  them 
follow  each  other  in  the  order  named.  This  could  be  practiced  by 
every  farmer,  however  poor.  Such  a  plan  would  in  a  few  years  regen- 
erate the  worn  lands  to  where  the  one- third  of  the  farm  planted  in  cot- 
ton would  yield  as  much  as  the  two-thirds  or  three-fourths  in  cotton 
now  yields,  the  expense  would  be  cut  in  half,  and  the  profits  would 
become  real.  With  two-thirds  or  more  of  the  farm  in  food  crops,  and 
with  live  stock  to  consume  it,  they  would  naturally  find  it  convenient 
to  provide  ample  pastures  and  broad  meadows,  and  thus  would  they 
find  another  profitable  means  of  reducing  the  cotton  acreage.  Then 
would  one  hand  in  Mississippi  utilize  as  much  land  as  a  hand  in  lowa^ 
and  the  income  be  multiplied  by  three  and  the  land  quadrupled  in 
value. 

Under  a  system  of  rotation  with  the  legames  the  i>oorer  lands  of 
Mississippi  would  need  only  acid  phosphate,  and  by  the  use  of  acid 
phosphate  on  these  lands  the  yield  of  peas  would  be  doubled,  and  thus 
twice  the  amount  of  nitrogen  would  be  drawn  from  the  air. 

Even  better  results  can  be  obtained  in  the  way  of  feeding  lands  and 
live  stock  at  the  same  time  than  has  been  indicated.  Mississippi  has 
more  than  one  winter- growing  legume  that  will  prove  an  entire  success 
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for  every  part  of  the  State.  Scientists  have  demonstrated  that  the 
germs  that  enable  certain  crops  to  feed  on  nitrogen  from  the  air  can 
live  and  work  and  grow  all  of  the  southern  mild  winter. 

The  professor  said  that  on  the  10th  of  February,  just  one  year  ago, 
he  picked  a  square  yard  of  bur  clover  and  had  it  weighed  and  analyzed. 
Calculated  to  an  acre,  the  above-ground  portions  contained  as  much 
nitrogen  as  1,000  pounds  of  cotton-seed  meal  would  furnish  and 
enough  dry  food  to  support  a  thousand-pound  cow  eighty  days.  An 
experiment  with  hairy  vetch  showed  as  much  nitrogen  as  1,100  pounds 
of  cotton- seed  meal  would  furnish  and  enough  dry  matter  to  feed  a 
cow  one  hundred  and  thirty  days. 

GROWINO'  LIVB  STOCK. 

The  professor  said: 

We  can  keep  onr  lands  hasy  twelve  months  in  the  year  growing  fertilizers  and 
feed  crops.  We  can  grow  the  fertilizers  in  winter  for  our  regular  spring  crops  and 
feed  our  stock  to  boot.  As  to  whether  we  can  grow  as  fine  cattle  as  the  North, 
there  is  considerable  doubt  in  the  minds  of  some  of  our  people;  but  I  have  no 
doubt,  in  fact  I  know  we  can  do  it.  For  some  years  we  have  grown  hogs  to  weigh 
200  pounds  at  six  months  with  an  ease  and  cheapness  you  know  not  of  in  the  North. 
Our  green  winter  crops  we  find  make  from  one-half  to  three-quarters  of  the  food  of 
hogs  and  cost  nothing.  Our  people  are-  everywhere  admitting  now  that  we  can 
raise  the  hogs,  but  there  is  yet  doubt  about  raising  a  largo,  quick-maturing,  high- 
priced  steer.  But  this  can  be  done.  Last  fall  we  weighed  a  number  of  spring 
calves  that  had  run  with  their  mothers,  and  there  was  not  one  that  did  not  grow 
2  pounds  a  day  or  more  all  through  the  summer.  I  wrote  to  a  number  of  St. 
Louis  and  Chicago  live  stock  commission  companies  and  asked  them  what  good, 
weU-marked,  grade  Hereford,  Shorthorn,  or  Aberdeen  Angus  calves,  eight  months 
old  and  weighing  500  pounds,  would  bring  in  those  markets  November  15,  when  the 
quarantine  against  our  cattle  is  raised.  They  invariably  replied,  if  they  show  good 
blood,  they  wiU  bring  a  round  5  cents  a  pound  to  go  to  the  farms  as  feeders.  Jnst 
think  of  it !  An  eight-months  old  calf  bringing  $25.  Why,  our  two-year  olds,  the 
way  we  grow  them,  bring  $5  and  $6  a  head. 

CROPS  AT  THE  COLLEQE  FARM* 

The  speaker  said  that  on  the  college  farm  the  whole  face  of  the  earth 
Is  covered  with  green  crops,  principally  turf  oats  and  hairy  vetch. 
When  once  started  these  crops  never  have  to  be  resown,  and  the  vetch 
is  whipping  the  oats  oat^  taking  field  after  field.  About  500  acres  are 
clothed  in  green.  Green  crops  keep  the  lands  from  washing  and  leach- 
ing during  the  warm,  wet  winters,  as  these  causes  have  done  five  times 
as  much  to  wear  out  the  lands  as  all  the  crops  ever  removed  from  them. 
These  crops  are  being  sown  between  the  rows  of  com,  cotton,  sorghum, 
peas,  etc.,  at  laying  by  time.  If  every  cultivated  acre  were  so  treated 
in  Mississippi,  and  the  resources  for  growing  food  fully  developed,  she 
could  grow  the  beef  of  Iowa,  the  dairy  products  of  Wisconsin,  the 
I>ork  of  Illinois,  and  the  mutton  and  wool  of  Ohio. 

A  great  deal  of  sorghum  was  planted  about  August  1  to  10  last 
year  on  land  made  rich  by  vetch.    From  August  1  to  November  1, 
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between  the  first  frost  of  MinneBota  and  that  in  Mississippi,  as  high  as 
23  tons  of  green  sorghum  per  aore  were  grown,  curing  out  as  high  as 
5  tons  of  hay-dry  forage,  making  8  or  9  tons  of  juicy  hay  ready  to  stack 
or  house.  Most  of  this  sorghum  crop  was  put  in  the  sUo  just  after  the 
first  freeze— November  1.  The  cost  of  the  sorghum  silage,  from  break- 
ing land,  buying  seed,  and  hauling  the  cane  an  average  of  1^  miles, 
was  50  cents  a  ton.  Some  of  the  crop  was  cut  for  hay  and  allowed  to 
lie  one  week,  drying  out  enough  not  to  sour  after  it  was  stacked  and 
housed*  The  speaker  said  that  he  never  saw  better  hay ;  stock  eat  every 
shred  of  it.  In  fact,  when  he  left  home  a  week  ago  it  was  as  sweet  as 
sugar  and  juicy  enough  to  chew.  When  cut  late  it  will  remain  succu« 
lent  all  winter,  and  does  away  with  the  necessity  for  a  silo.  Grown  as 
a  second  crop,  it  need  not  cost  $1.50  per  ton  to  grow  this  splendid  hay. 
It  will  lie  a  month  in  the  usual  dry  November,  and  will  stack  better 
than  any  other  hay. 

VARIBTIBS  OF  HAT  CAN  BB  GROWN. 

Hairy  vetch,  or  turf  oats  and  hairy  vetch  mixed,  cut  for  hay  about 
May  15,  make  a  hay  not  inferior  to  red  clover  or  alfalfa.  Early  varie- 
ties of  cowpeas  will  make  a  crop  of  hay  in  two  months.  By  following 
vetch  hay  with  early  cowpeas  for  hay  the  land  can  be  ready  for  sorghum 
hay  by  August  1  to  10,  and  if  10  tons  to  the  acre  is  not  grown  there 
will  be  nearly  that  much.  Thus  for  nine  months  in  the  year  crops  that 
draw  nitrogen  from  the  air  will  be  grown,  and  much  of  it  wiU  be  stored 
in  the  roots  and  stubble  and  in  the  adjacent  lands.  In  three  months  it 
will  be  pumped  out  by  that  grossest  of  all  feeding  stocks,  the  sorghumi 
and  fed  to  stock. 

In  conclusion,  the  speaker  said  that  he  believed  that  with  the  help 
of  such  meetings,  with  the  help  of  the  stations  and  colleges,  and  with 
the  help  of  the  Department  publications,  which  are  indipensable  to 
him,  that  they  would  work  out  their  great  industrial  problems. 

THE  PECULIAR  ADVANTAGES  OP  THE  SOUTH  POE  OEO^pSTO 
P0EA6E  CEOPS  AND  PEEDING  STOCK 

POSSIBILITT  OF  RAISING  HIGH-GRADB  ANIMALS  IN  THB  SOUTH. 

Prof.  W.  E.  Dodson,  botanist  of  the  Agricultural  and  Mechanical 
College  of  Louisiana,  said  that  other  speakers  had  told  how  to  select 
animals  and  how  to  breed  them;  the  nature  of  the  food  and  how  it 
should  be  fed;  and  the  care  stock  should  receive,  and  the  results  that 
should  be  obtained.  It  remained  for  him  to  tell  that  all  this  can  and 
should  be  done  most  successfully  in  the  South,  especially  in  the  States 
of  Mississippi  and  Louisiana.  He  would  devote  the  time  allotted  to 
him  to  a  Drief  discussion  of  three  questions: 

1.  The  possibility  of  raising  high-grade  animals  in  the  South. 


Digitized  by  VjOOQ IC 


41 

2.  The  advantages  in  the  way  of  cheap  feed  and  the  economy  in  the 
care  of  stock. 

3.  The  question  of  marketing. 

The  South  has  never  produced  even  its  own  supply  of  meat,  horse 
power,  or  dairy  products,  and  has  been  largely  dependent  upon  the 
States  iN'orth  for  mules  and  horses  to  perform  plantation  work.  Enor- 
mous quantities  of  salt  pork,  bacon,  and  beef  have  been  imported 
annually.  Kansas  and  Nebraska  furnish  a  large  portion  of  the  butter 
used.  The  beautiful  horses  that  prance  on  the  streets  are  nearly  all 
brought  from  other  States. 

The  speaker  asked  why  this  state  of  things  should  exist.  He 
believed  that  these  animals  could  be  reared  from  birth  within  the  con- 
"fines  of  the  Southern  States. 

Horses  brought  from  other  sections  suffer  but  little  inconvenience  in 
becoming  accustomed  to  the  climate,  and  mules  know  but  few  ailments. 
There  is  no  reason  why  hogs  can  not  be  raised  in  the  South.  Less  than 
two  weeks  ago  a  dressed  hog  was  sold  at  the  Baton  Bouge  market 
which  tipped  the  scale  at  800  pounds.  This  shows  that  hogs  can  be 
raised  in  the  South  to  any  size  desired.  They  are  robust  and  healthy 
and  all  breeds  find  a  congenial  home. 

RAISINa  CATTLB  FOR  BEEF  OR  DAIR7  FX7RP0SES. 

The  raising  of  cattle  for  beef  or  dairy  purposes  is  a  more  serious 
question.  There  are  some  obstacles  in  the  way,  but  they  are  not  insur- 
mountable. Northern-bred  animals  imported  for  the  purpose  of  improv- 
ing herds  are  subject  to  Texas  fever,  which  is  very  fatal  to  adults. 
The  great  losses  from  the  disease  has  perhaps  more  than  anything  else 
discouraged  the  improvement  of  stock  in  the  South.  As  is  well  known 
the  Southern  cattle  tick  is  the  conveyor  of  this  dread  malady  and  is 
the  only  means  known  for  the  transmission  of  the  disease.  It  has 
been  demonstrated  that  pastures  can  be  freed  from  the  tick  by  not 
allowing  cattle  to  run  on  the  land  for  one  year.  A  large  percentage  of 
young  animals  recover  from  the  disease  without  treatment  and  from 
these  it  is  possible  to  build  up  immune  herds.  There  also  appears  to 
be  a  fair  promise  that  the  fever  may  be  prevented  by  protective  serum 
inocnlation. 

The  speaker  said  he  believed  that  when  the  roaming  at  large  of  cat- 
tle ceased  in  the  South  the  tick  question  will  become  fur  less  formida- 
ble as  an  obstacle  to  successful  stock  raising.  lie  concluded  his 
discussion  of  the  first  question  with  the  assertion  that  the  careful, 
intelligent,  and  diligent  stock  raiser  need  not  sufi'er  any  loss  from  Texas 
fever,  and  that  the  best  blooded  horses,  hogs,  and  cattle  can  be  raised 
in  the  South. 

ADVANTAGES  FOR  ECONOMICAL  AND  PROFITABLE  FEEDING. 

Fow  for  the  second  question:  What  advantages  for  economical  and 
profitable  feeding  are  afforded  t 
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Every  intelligent  feeder  recognizes  the  necessity  of  having  what  is 
called  a  well-balanced  ration;  that  he  mast  mix  the  components  of 
the  feed  according  to  the  results  that  are  desired.  If  feeding  for  milk 
and  butter,  there  must  be  a  certain  ratio  of  carbohydrates  to  proteids, 
etc.  There  must  be  a  diflFerent  ratio  when  feeding  for  beef  or  for 
growth  of  young  animals.  The  best  results  are  obtained  when  a  par- 
ticular quantity  of  concentrates  is  mixed  with  a  certain  amount  of 
roughage  or  hay. 

It  matters  not  how  good  a  food  a  plant  may  make,  it  is  not  desirable 
unless  it  can  be  raised  cheaply.  For  carbohydrates  in  the  way  of  con- 
centrates, the  South  has  <K>rn,  oats,  sorghum  seeds,  grass  hay,  etc., 
about  the  same  as  the  Xorth,  and  in  addition  the  by-products  of  the 
rice  mills  and  sngarhouses. 

From  observation  and  from  available  statistics  the  speaker  believed 
that  the  land  in  the  South  will  produce  as  much  corn  per  acre  as  will 
the  average  land  in  any  other  portion  of  the  United  States. 

It  is  true  that  there  are  some  very  poor,  cotton- worn  soils,  but  there 
are  also  vast  quantities  of  territory  that  are  extremely  fertile.  The 
cost  of  production  is  slightly  greater  than  in  the  North  and  West,  sim- 
ply because  improved  agricultural  implements  have  not  come  into 
extensive  general  use.  Improved  farm  implements  in  the  hands  of 
intelligent  white  men  will  bring  down  the  price  of  corn  to  what  it  is  in 
the  so-called  corn  States.  But  the  South  is  not  dependent  on  com 
alone  for  highly  concentrated  carbohydrates. 

Kice  bran  and  rice  polish,  by-products  from  the  rice  mills,  form  excel- 
lent feed,  comparing  favorably  with  corn.  A  ton  of  rice  bran  contains 
approximately  240  pounds  of  protein,  A  ton  of  corn  contains  only  194 
pounds,  a  difference  of  25  per  cent  in  favor  of  rice  bran.  On  the  other 
hand,  corn  contains  21  per  cent  more  carbohydrates.  Eice  bran  is 
quoted  at  $8.50  per  ton.  This  would  represent  corn  at  about  25  cents 
per  bushel.  But  as  it  is  a  by-product,  its  price  will  vary  with  the  i)rice 
of  corn,  for  which  it  more  nearly  serves  as  a  substitute. 

FROl^EIN  CONCENTRATES. 

Now,  how  is  it  with  regard  to  the  supply  of  protein  concentrates  t 
In  the  Korth  wheat  bran  is  the  bountiful  supply  of  highly  protein  feed. 
Cotton-seed  meal  takes  its  place  in  the  South.  Wheat  bran  contains 
about  15  per  cent  of  protein  and  cotton-seed  meal  42  per  cent,  or  nearly 
three  times  as  much  as  bran.  When  the  enormous  output  of  this  prod- 
uct is  considered  it  at  once  becomes  evident  that  the  South  can  furnish 
an  abundant  supply  of  the  protein  feed.  It  is  highly  esteemed  for  all 
animals  except  hogs,  and  large  quantities  are  shipped  North,  where  it 
is  regarded  as  a  valuable  feed. 

COTTON  SEED. 

The  South  produces  about  four  and  one-half  million  tons  of  cotton 
A  good  percentage  is  returned  to  the  soils  as  raw-seed  fertilizer. 
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A  large  part  of  the  remainder  has  the  oil  extracted^  and  is  then  applied 
in  the  form  of  meal  to  the  land  whence  it  came,  or  to  the  land  of  some 
other  farmer  more  thrifty  and  wise.  A  great  deal  is  exported^  and 
a  comparatively  small  quantity  is  fed  either  as  seed  or  meal  on  the 
farms  where  it  is  raised. 

Science  has  done  great  service  in  revealing  the  value  of  this  enormous 
product,  but  the  South  yet  lacks  one  important  step  in  following  the 
teaching  of  science.  This  material  should  be  fed  to  stock  and  the  fer- 
tilizer should  be  saved  and  applied  in  the  form  of  barnyard  manure 
instead  of  applying  it  as  raw  material,  provided  its  use  can  be  supple- 
mented by  other  things  that  can  be  grown  to  advantage. 

FORAGB  CROPS. 

The  speaker  then  began  the  discussion  of  forage  crops.  He  said  he 
had  not  claimed  that  the  South  had  any  material  advantage  in  the  pro- 
duction of  concentrated  feeds,  but  he  believed  it  could  stand  on  a  par 
with  any  other  section  in  this  respect,  while  in  the  way  of  forage  crops 
he  would  attempt  to  show  that  the  climate  gave  it  many  advantages. 
Timothy,  clover,  red  top,  and  oats  are  some  of  the  best  crops  of  the 
sections  that  raise  the  greater  portion  of  high-bred  animals.  Timothy 
yields  from  1  to  2  tons  per  acre,  and  one  crop  a  year.  The  hay  is  poor 
in  protein,  containing  less  than  com  in  proportion  to  carbohydrates, 
and  would  therefore  not  be  the  best  hay  to  combine  with  the  cheaper 
starch  feed  stuffs.  Clover  yields  slightly  heavier  crops,  and  is  probably 
the  best  combination  hay  the  South  can  raise.  Its  protein  content  is 
very  high  and  is  very  desirable  to  combine  with  corn  or  other  concen- 
trates containing  a  high  percentage  of  carbohydrates.  Clover  some- 
times yields  two  cuttings  a  year,  a  hay  crop  and  seed  crop.  The  clover 
is  the  favorite  hay  and  forage  crop  with  many  farmers,  and  if  compari- 
sons are  made  with  the  clover  no  one  can  justly  object.  Take  the  cow- 
pea,  the  favorite  of  the  South,  and  compare  it  with  clover.  It  produces 
almost  twice  as  much  hay  per  acre.  Cowpeas  yield  from  2  to  4  tons, 
while  clover  produces  from  1  to  2  tons.  A  ton  of  clover  contains  about 
206  pounds  of  protein  and  760  pounds  of  nitrogen-free  extract,  and  a 
ton  of  cowpea  hay  332  pounds  of  protein  and  844  pounds  of  nitrogen — a 
difference  of  126  pounds  protein  and  84  pounds  nitrogen  in  favor  of  the 
cowpea  hay.  It  requires  the  use  of  the  land  for  a  year  to  produce  a 
crop  of  clover  and  but  from  three  to  five  months  to  mature  a  crop  of 
cowpeas.'  In  the  South  the  farmer  can  easily  raise  a  spring  crop,  plant 
cowpeas  in  June  or  July,  and  harvest  a  crop  of  fine  hay  in  October. 
He  then  can  sow  oats,  rye,  barley,  vetches,  or  crimson  clover  and  have 
a  winter  pasture  that  will  surpass  anything  that  can  be  found  in  the 
North.  This  will  of  course  require  more  labor  and  more  expense,  but 
the  profits  will  come  oftener. 

Corn  can  be  raised  with  cowpeas  sown  between  the  rows,  and  more 
hay  can  thus  be  raised  than  clover  will  produce  when  clover  does  its 
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best.  The  corn  and  peas  can  be  harvested,  oats  can  be  so\ni,  harvested 
in  the  spring,  more  cowpeas  sown  and  crop  harvested  before  frosty 
making  two  crops  each  year. 

Then,  when  we  can  raise  more  etnff  to  the  acre,  more  ctoi>8  in  a  given  period  of 
time,  each  richer  in  food  yalae  than  the  crops  of  the  North,  is  it  not  yery  evident 
that  we  have  very  material  advantages  for  stock  raising?  These  crops  will  also 
make  our  soils  richer,  gathering  nitrogen  from  the  air  and  adding  it  to  the  soil. 

The  cowpea  is  not  the  only  crop  rich  in  protein  that  is  raised  in  the 
South.  It  is  simply  the  summer  crop.  Vetches  and  clovers  are  good 
winter  crops  and  alfalfa  is  good  for  all  the  year.  It  furnishes  from  five 
to  seven  cuttings  on  the  alluvial  lands,  and  it  probably  does  as  well  in 
the  South  as  anywhere  on  the  continent. 

Lespedeza  or  Japan  clover  is  well  adapted  for  the  poor  hills,  and 
produces  as  much  hay  as  clover  does  on  good  soils  in  the  North,  but 
produces  but  one  crop  a  year. 

The  speaker  thought  that  he  had  shown  that  the  South  can  obtain 
bountiful  yields  of  highly  nutritive  forage,  and  that  the  production  of 
these  crops  is  less  expensive  than  in  the  North  on  account  of  the 
increased  number  of  crops  and  less  capital  required  to  get  a  given 
return. 

PASTURING  FACILITIES. 

When  pasturing  facilities  are  compared,  the  advantage  is  still  greater 
in  favor  of  the  South.  While  the  Northern  farmer  is  compelled  to  pro- 
vide expensive  houses  to  protect  his  animals  from  sleet,  snow,  and  the 
cold  northern  winds,  a  simple  shed  affords  ample  winter  protection  in 
the  South.    There  is  also  an  ample  supply  of  pure  water. 

There  is  practically  no  season  of  the  year  when  there  can  not  be  a 
plenty  of  green  forage,  and  while  the  cattle  in  the  North  are  shivering 
in  the  cold  and  rooting  in  the  snow  for  sprigs  of  winter  grasses  the 
Southern  herds  may  be  grazing  on  green  winter  pastures.  In  the  North 
pasturing  practically  closes  in  November  and  opens  May  1.  Each  year 
the  pasture  grass  is  very  scarce,  and  during  this  time  the  animals  are 
almost  entirely  dependent  upon  the  harvested  foods. 

OVERPRODUCTION. 

The  question  may  be  asked,  that  if  this  is  all  true  why  the  farmers  do 
not  make  use  of  their  opportunity.  The  answer  is  that  it  has  not  been 
necessary.  Until  recently  cotton,  cane,  and  rice  have  been  profitable, 
and  the  planter  has  been  content  to  raise  these  money  crops,  which 
always  find  a  quick  cash  sale  anywhere.  He  has  clung  to  them  year 
after  year  hoping  for  better  prices,  losing  year  after  year,  and  now  he 
is  financially  unable  to  break  away  from  the  credit  system  and  devote 
his  farm  to  stock.  But  the  time  for  large  profits  on  cotton,  cane,  and 
rice  has  passed  away;  the  cry  of  hard  times  is  heard  on  every  hand, 
and  the  low  price  of  cotton  is  the  topic  discussed  by  every  Southern 
planter.    It  is  not  a  case  of  famine  or  crop  failure,  but  overproduction. 

The  sooner  the  Southern  farmer  quits  the  one-crop  system  and  resorts 
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to  diversified  farming  and  stock  raising  the  sooner  he  will  begin  to 
prosper.  He  shoald  raise  his  own  animals^  feed  them  from  his  own 
fields,  gather  the  manorial  fertilizers  and  return  them  to  further  enrich 
thesoiL 

MARKBT  FOR  SOUTHERN  STOCK. 

The  question  of  a  market  for  Southern  stock  will  solve  itself!  When 
the  conditions  will  justify  it,  packing  houses  will  be  established  in  the 
accessible  Southern  cities,  and  the  embargo  now  placed  on  shipment  to 
Korthem  markets  will  not  cause  trouble. 

The  speaker  said  he  believed,  there  is  a  profit  to  the  small  capitalist 
and  money  to  be  made  by  the  large  capitalist  in  raising  cattle,  hogs, 
horses,  mules,  and  sheep  in  the  Southern  States. 

THE  WEATHEE  BUEEAXJ  AVD  THE  FABMEE. 
RAIN  FORECASTS. 

Prof.  Willis  L.  Moore,  Chief  of  the  Weather  Bureau,  said  that  while 
the  greatest  element  of  eiror  in  the  work  of  the  Bureau  is  in  the 
making  of  rain  forecasts,  yet  these  predictions  greatly  benefit  the 
agriculturist.  Owing  to  the  peculiar  topography  of  California  and  its 
proximity  to  the  ocean,  and  to  the  fact  that  storm  conditions  universally 
travel  firom  the  west,  the  Bureau  is  able  to  make  rain  predictions  of 
great  value  to  the  farmers  in  that  section.  The  value  of  the  orange 
crop  averages  about  $5,000,000  per  annum;  of  the  raisin  crop  about 
$3,000,000.  Baisins  are  cured  in  the  sun,  and  are  subject  to  injury  by 
rain  if  the  workmen  are  not  warned  in  time  to  stack  the  trays.  Before 
the  weather  service  was  extended  over  California  the  loss  to  this  crop 
from  unexpected  rains  amounted  to  hundreds  of  thousands  of  ^dollars 
annually.  Testimony  from  hundreds  of  owners  of  vineyards  shows  that 
practically  not  a  pound  of  raisins  has  been  damaged  by  rain  during  the 
past  four  years. 

January  1, 1899,  there  were  in  the  States  of  the  Eocky  Mountain 
slope  21,000,000  head  of  sheep  and  13,000,000  head  of  cattle,  exclusive 
of  milch  cows,  horses,  and  mules.  Cattle  will  live  through  all  except 
the  severest  blizzards,  but  great  loss  is  suffered  by  sheep  owners  unless 
they  are  able  to  protect  their  flocks. 

COLD-WAVB  WARNINGS. 

The  cold-wave  warnings  for  these  States  have  attained  a  much  higher 
degree  of  accuracy  in  recent  years.  Even  now  an  occasional  cold  wave 
will  sweep  over  Montana,  the  Dakotas,  Wyoming,  and  as  far  south  as 
Colorado  and  Mexico  without  warning  having  been  given.  This  is 
because  cold  waves  always  develop  in  the  British  Northwest  posses- 
Bions  and  cover  the  north  Eocky  Mountain  plateau,  and  even  reach  a 
portion  of  our  country  before  the  reports  from  the  Canadian  stations  can 
give  us  warning.    A  system  is  now  in  operation  over  the  Rocky  Moun- 
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tain  region  which  enables  the  Bureau  to  forewarn  stockmen,  though 
by  a  few  hours  only,  of  the  coming  blizzards. 

An  unusually  cold  wave  swept  over  all  the  States  from  the  Central 
Bocky  Mountain  plateau  eastward  to  the  Atlantic  Ocean  in  January, 
1887.  According  to  estimates  from  shippers  and  others,  the  enormous 
sum  of  $3,504,000 — three  and  one-half  times  the  expense  of  maintain- 
ing the  entire  meteorological  service  of  the  Government  for  one  year — 
was  saved  as  the  result  of  the  Department's  warnings. 

RIVER  AND  FLOOD  WARNINGS. 

The  speaker  said  his  hearers  of  the  Mississippi  region  are  thoroughly 
familiar  with  the  value  of  the  river  and  flood  warnings. 

The  floods  of  1881  and  1882  caused  a  loss  of  not  less  than  $15,000,000 
to  property  in  the  Ohio  and  Mississippi  valleys.  The  floods  of  1882 
caused  a  loss  of  138  lives  in  the  region  from  Cairo  southward  to  Kew 
Orleans.  The  loss  in  the  Ohio  Yalley  alone  by  the  flood  of  1884  is 
variously  estimated  from  $10,000,000  to  $20,000,000. 

During  the  great  flood  of  1897,  its  many  stages  were  very  accurately 
forecast  a  week  in  advance  throughout  practically  the  whole  river  sys- 
tem. The  value  of  property  saved  by  flood  warnings  during  this  flood 
in  the  Lower  Mississippi  Yalley  certainly  amounted  to  many  millioa 
dollars. 

"When  the  Mississippi  Kiver  at  Kew  Orleans  was  at  the  highest  stage 
ever  known,  warning  was  sent  there  that  within  five  days  there  would 
be  a  rise  of  1  foot.  The  rise  came  as  predicted,  but  the  levees  had  been 
strengthened  and  raised.  Without  the  raise  in  the  height  of  the  levees 
th§  loss  of  life  and  property  would  have  been  unparalleled. 

STORM  WARNINGS. 

The  Bureau  achieves  its  most  signal  success  in  its  warnings  of  storms 
destructive  to  marine  property  and  life.  During  the  past  four  years 
not  one  of  the  twenty  West  Indian  hurricanes  which  have  swept  our 
seaboard  has  visited  a  single  port  without  the  danger  warnings  pre- 
ceding the  storm,  and  as  a  result  the  loss  of  life  and  property  has  been 
infinitesimal  in  comparison  with  the  destruction  which  ensued  before 
the  organization  of  the  Department's  meteorological  service.  Con- 
servative marine  insurance  people  estimate  that  each  of  these  storms 
would  leave  from  $2,000,000  to  $3,000,000  worth  of  wreckage  for  them 
to  settle  for  were  it  not  for  the  advance  information  by  the  Weather 
Bureau. 

EXTENSION  OF  METEOROLOGICAL  SERVICE. 

By  direction  of  Secretary  Wilson  estimates  were  prepared  for  a  com- 
plete meteorological  service  for  the  cotton  fields  of  the  South,  similar 
to  that  in  operation  for  the  com  and  wheat  belt  of  the  North,  also  for 
an  extension  of  the  service  over  the  great  arid  and  subarid  regions  of 
the  West — a  service  similar  to  that  which  was  in  operation  in  the 
Mississippi  Valley.    Sixteen  new  stations  were  estabMjte4T  ^OOqIc 
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When  the  war  with  Spain  broke  out  action  was  promptly  taken  for 
the  extension  of  the  meteorological  service  over  the  region  around  the 
Oaribbean  Sea,  and  inside  of  sixty  days  a  complete  meteorological 
service  was  reporting  twice  daily  from  the  principal  islands  of  the  West 
Indies  and  from  the  coast  regions  on  the  south  and  west,  giving  a  daily 
service  of  atmospheric  conditions  so  far  unequaled  in  any  other  portion 
of  the  globe.  The  Bureau  is  thus  enabled  to  detect  the  development 
of  the  most  destructive  storms  that  visit  our  continent,  to  measure 
them  in  their  inception,  to  keep  pace  with  them  as  they  come  up 
through  the  Caribbean  Sea  to  the  Gulf  of  Mexico,  and  to  warn  the 
commerce  of  all  nations  of  the  coming  of  the  hurricanes. 

STXTDENT  ASSISTANTS. 

In  accordance  with  directions  of  the  Secretary  some  fifteen  or  twenty 
bright,  deserving  young  men  have  been  employed  as  student  assistants 
at  stations  located  in  State  universities,  thus  giving  them  what  is 
equivalent  to  scholarships  at  these  universities,  and  the  Government 
has  received  an  adequate  return  for  its  expenditure. 

HOW  WEATHER  FORECASTS  ARE  MADE. 

Describing  how  weather  forecasts  are  made,  he  said: 

Twice  daily  observations  are  taken  at  aU  the  stations  in  the  United  Startes  at  th« 
same  actual  moment  of  time.  These  are  coUected  bj  telegraph  at  the  central  office 
in  Washington  and  other  forecast  centers.  When  lines  are  drai^n  indicating  the 
stations  having  the  same  air  pressure  it  is  a  simple  matter  to  define  the  regions  of 
high  pressure  and  low  pressure,  or,  in  other  words,  the  cool  and  clear  regions,  and 
the  warm  and  moist  regions.  Weather  conditions  are  dominated  by  what  are  caUed 
high-pressure  and  low-pressure  areas.  They  are  simply  great  eddies  in  the  atmos- 
phere drifting  from  the  west  toward  the  east,  and  controlling  the  sequence  of  onr 
weather.  Every  cold  wave  is  a  marked  high-pressure  eddy,  and  every  general  rain 
storm  is  a  marked  low-pressure  eddy.  In  the  high-pressure  eddy  the  air  is  drawn 
from  above  and  forced  outward  in  aU  directions  from  the  center.  In  the  low- 
pressure  eddy  the  air  from  oU  directions  is  drawn  inward  toward  the  center  and 
carried  upward. 

Each  meteorological  chart  shows  the  location  of  the  highs  and  lows,  their  devel- 
opment and  drift  since  the  preceding  report  twelve  hours  before.  It  is  from  a  com- 
parison of  the  current  chart  with  the  preceding  one  that  the  forecaster  makes  hit 
estimate  of  what  wiU  be  the  relative  positions  of  the  highs  and  lows  during  the 
coming  thirty-six  hours.  Except  the  West  Indian  hurricanes,  which  visit  oar 
Atlantic  ports  in  the  fall  of  the  year,  all  storms  in  this  country  move  from  the  west. 

Q?he  speaker  closed  with  the  statement  that  he  believed  it  impossible 
to  make  a  forecast  based  apon  any  principles  of  physics  or  apon  any 
empiric  rule  in  meteorology  for  a  greater  period  than  one  or  two  days 
in  winter  or  for  more  than  two  or  three  days  in  summer,  and  there  are 
days  in  winter  when  the  movement  of  air  conditions  is  so  rajnd  that  it 
is  extremely  diflBcuIt  to  forecast  even  for  a  space  of  one  day.  "The 
Weather  Bureau  takes  the  public  into  its  confidence  in^this  matter, 
and  does  not  claim  to  be  able  to  do  more  than  it  is  possible  to  accom- 
plislu" 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  AaRicuLTURE, 

Division  op  Entomology, 
Washingtonj  D.  0.,  May  26, 1899. 
Sir:  I  have  the  honor  to  transmit  herewith  a  copy  of  an  article 
contributed  by  me  to  the  Yearbook  for  1895,  entitled  "The  shade- 
tree  insect  problem  in  the  Eastern  United  States."    I  have  found  the 
reprints  of  this  article  of  ^eat  use  in  correspondence,  and  as  the 
edition  is  exhausted,  I  recommend  that  it  be  republished,  under  the 
title  Three  Insect  Enemies  of  Shade  Trees,  as  a  Farmers'  Bulletin.    I 
have  in  preparation  a  more  extended  bulletin  on  the  subject  of  shade- 
tree  insects,  but  in  the  interval  which  will  elapse  before  it  is  completed 
the  Farmers'  Bulletin  reprint  of  the  Yearbook  article  will  be  of  service. 
Eespectfully, 

L.  O.  Howard, 

EntomologisU 
Hon.  Jambs  Wilson, 

Secretary  of  Agriculture. 


Digitized  by  VjOOQ IC 


CONTENTS. 


Page. 

The  imported  elm  leaf-beetle 7 

Original  home  and  present  distribution 7 

Food  plants 8 

Life  history 8 

Remedies 10 

The  white-marked  tussock  moth 12 

Original  home  and  present  distribution 12 

Food  plants 12 

Life  history  and  habits 12 

Remedies 17 

The  fall  webworm 20 

Remedies 20 

The  relative  immunity  from  insects  of  different  varieties  of  shade  trees 21 

General  work  against  shade- tree  insects  in  cities  and  towns 25 

3 


Digitized  by  VjOOQ IC 


ILLUSTRATIONS. 


Fig,  1,—BikgvroTm  (Thyridopteryx  ephemercBfortnii) 5 

2. — Bagworm;  successiye  stages  of  growth 6 

3. — The  imported  elni  leaf-heetle  ( Galeruoella  luteola) 9 

4.— White-marked  tussock  moth  ( Orgyia  leuoostigma) 13 

5. — Tussock-moth  caterpillar,  first  three  stages 14 

6. — Tussock-moth  caterpillar,  last  stages 15 

7. — Silver  maple  leaves  eaten  by  larvse  of  white-marked  tussock  moth 

in  successive  stages 1« 

8. — Ichneumonid  parasites  of  tussock-moth  caterpillar 19 

9.— Fall  web  worm  (Hyphantria  ounea),  moths  and  cocoons 24 

10. — Fall  webworm,  forms  of  larva  and  pupa , 26 

11.— Fall  webworm,  larva  and  web 27 

4 


Digitized  by  VjOOQ IC 


THREE  INSECT  ENEMIES  OF  SHADE  TREES. 


The  space  at  command  will  not  admit  of  a  fall  treatment  of  the 
problem  outlined  in  the  [original]  title  of  this  article,  and  the  writer 
has  therefore  brought  together  at  this  time  some  account  of  three  species 
which  are  i>erhaps  the  most  destructive  among  shade-tree  insects,  or 
which,  at  all  events,  have  attracted  the  greatest  attention  during  the 
past  season.  To  this  he  has  added  a  brief  consideration  of  the  relative 
immunity  of  shade  trees  from  insect  attack,  and  some  remarks  on  the 
subject  of  general  work  against  shade-tree  insects  in  cities  and  towns. 

One  of  the  most  striking  features  of  the  summer  of  1895  has  been 
the  great  abundance  in  many  Eastern  cities  of  several  species  of  insects 


w 


Fio.  1.— Bagworm  {Thyridopteryx  ephemercF/ormis) .     a,  larva;    b,  head  of  same;    e,  male  pupa; 
d,  female  pupa;  e,  adult  female;  /,  adult  male— all  enlarged  (original). 

which  attack  shade  trees.  In  almost  every  low-lying  town  from  Char- 
lotte, N.  C,  north  to  Albany,  N.  Y.,  the  elm  leaf-beetle  has  defoliated 
the  English  elms  and,  in  many  cases,  the  American  elms.  In  certain 
directions  this  insect  has  also  extended  its  northern  range,  notably  up 
the  Connecticut  Eiver  Valley.  The  authorities  in  a  number  of  Eastern 
cities  have  taken  the  alarm,  and  active  remedial  work  will  be  instituted 
during  the  coming  season.  In  cities  south  of  New  York  the  bagworm 
has  been  gradually  increasing  for  a  number  of  years  until  it  has 
become  a  serious  enemy  to  shade  and  ornamental  trees  for  almost  the 
first  time  since  1879  or  1880  (figs.  1  and  2).  The  white-marked  tussock 
moth,  the  caterpillar  of  which  has  been  for  many  years  the  most  seri- 
ous of  the  shade-tree  pests  in  Philadelphia,  New  York,  Brooklyn,  and 
Boston,  in  1895,  for  the  first  time  within  the  recollection  of  the  writer, 
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appeared  in  such  numbers  as  to  become  of  great  importance  in  more 
southern  cities,  as  Baltimore  and  Washington.  The  fall  webworm 
(figs.  9,  10,  and  11)  was  more  abundant  in  Washington  and  the  sur- 
rounding country  than  it  has  been  since  the  summer  of  1886. 

These  four  insects  are  the  principal  shade-tree  defoliators  in  the 
Eastern  States,  if  we  except  the  imported  gypsy  moth,  which  is  aft 
present  fortunately  confined  to  the  immediate  vicinity  of  Boston,  and 
is  being  cared  for  by  a  thoroughly  capable  State  commission.  While 
the  summer  of  1895  may  with  justice  be  called  an  exceptional  one  as 
regards  the  great  increase  of  numbers,  yet  these  insects  are  always 
present  and  do  a  certain  amount  of  damage  each  season,  and,  when  an 
exceptional  season  comes,  as  it  did  in  1895,  city  authorities  seldom  find 

themselves  prepared 
to  engage  in  an  in- 
telligent and  compre- 
hensive fight. 

In  cities  farther 
west  other  leaf-feed- 
ers take  the  place  of 
those  just  mentioned. 
The  principal  ones 
are,  perhaps,  the  oak 
Edema,  the  cotton- 
wood  leaf-beetle,  and 
the  green-striped  ma- 
ple worm. 
^  Several    scale    in- 

sects or  bark  lice  are 
occasionally  serious 
enemies  to  shade  trees. 
Maples  suffer  espe- 

Fio.  2— Bagwonn  at  (a,  6,  c)  sncceHaive  Btagea  of  growth,    c,  male  ^4^11^    ft*r\m    fliAiV    a.*- 
bag;  d.  female  bag-uatiiralsUe  (original).  ^^^^^^    ^^^    ^'^^^^    ^^ 

tacks.  The  cottony 
maple  scale  is  found  everywhere  on  all  varieties  of  maple,  and  occasion- 
ally in  excessive  abundance.  The  cottony  maple  leaf  scale,  a  species 
imported  from  Europe,  is  rapidly  gaining  in  importance,  and  in  several 
New  England  towns  it  has,  during  the  past  season,  seriously  reduced  the 
vitality  of  many  trees.  The  so-called  "  gloomy  scale"  has  long  been  on 
the  increase  in  Washington,  D.  0.,  and  every  year  it  kills  large  branches 
and  even  entire  trees  of  the  silver  maples,  which  are  so  extensively 
grown  along  the  streets  of  that  city. 

Certain  borers  are  also  occasionally  destructive  to  many  shade  trees, 
and,  in  fact,  in  the  northern  tier  of  States  these  are  the  most  important 
of  the  shade-tree  enemies,  the  principal  leaf  feeders  being  either  absent 
or  becoming  single  brooded.  Where  absent  their  places  are  taken  by 
less  destructive  species. 
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In  fact,  it  is  safe  to  say  that  shade  trees  suffer  especially  from  insect 
attack  throughout  the  region  of  country  which  is  contained  in  the 
Upper  Austral  life  zone." 

Concerning  the  borers,  it  may  be  briefly  said  that  these  insects 
rarely  attack  vigorous  and  healthy  trees,  but  should  a  shade  tree  lose 
its  health  through  the  attacks  of  scale  insects,  through  rapid  defolia- 
tion by  leaf  feeders,  or  through  a  leaky  gas  main  or  sewer  pipe,  differ- 
ent species  of  borers  will  at  once  attack  and  destroy  it.  There  is  one 
particular  exception  to  this  rule,  and  that  is  the  European  leopard 
moth,  a  most  destructive  species,  which  is  at  present  of  very  limited 
range  and  confined  to  the  immediate  vicinity  of  New  York  City.  No 
certain  information  is  at  hand  which  indicates  that  it  has  spread  for 
more  than  50  miles  from  the  center  of  introduction.  This  insect  attacks 
healthy  trees,  boring  into  the  trunks  of  the  younger  ones  and  into  the 
branches  and  smaller  limbs  of  many  shade  and  fruit  trees.  It  is  an 
extremely  difficult  species  to  fight,  and  it  is  fortunate  that  its  spread 
is  not  more  rapid. 

THE   IMPORTED  ELM  LEAF-BEETLE. 

{Galerucella  luieola  MUU.) 

Original  home  and  present  distribution. — The  imported  elm  leaf-beetle 
(fig.  3)  is  a  native  of  southern  Europe  and  the  Mediterranean  islands. 
It  is  abundant  and  destructive  in  the  southern  parts  of  France  and 
Germany,  and  in  Italy  and  Austria.  This  beetle  is  found,  though 
rarely,  in  England,  Sweden,  and  north  Germany,  and  gradually  be- 
comes less  numerous  and  destructive  toward  the  north.  In  middle 
Germany  it  is  common,  though  not  especially  destructive.  As  early 
as  1837  it  was  imported  into  the  United  States  at  Baltimore,  and  is 
now  found  as  far  south  as  Charlotte,  N.  0.  From  this  point  it  ranges 
northward  in  the  Atlantic  cities  as  far  as  Providence,  E.  I.  Inland  it 
has  not  passed  the  barrier  of  the  Appalachian  chain  of  mountains,  and 
is  practicaUy  confined  to  the  Upper  Austral  region,  as  indicated  in  the 
map  on  page  210  of  the  Yearbook  for  18d4.  Thus,  up  the  Hudson 
Eiver  it  has  spread  to  Albany,  N.  Y.,  but  on  either  side  of  the  river, 
as  the  land  rises  into  the  foothills,  it  has  stopped.  In  the  same  way 
it  has  more  recently  spread  up  the  Connecticut  Eiver  Yalley  to  a  point 
north  of  the  New  Hampshire  State  line,  and  also,  to  a  less  extent,  up 
the  Housatonic  Valley.  From  our  present  knowledge  it  seems  likely 
that  its  future  spread  as  an  especiaMy  destructive  species  will  be  lim- 
ited by  the  northern  border  of  the  Upper  Austral  region,  and  that  (as 
may  happen  at  any  time)  should  it  once  be  carried  by  railway  train 
across  the  southern  extension  of  the  Transition  life  zone,  caused  by 
the  Alleghany  and  Blue  Eidge  mountains,  it  will  spread  unchecked 


^  Briefly  defined  by  Dr.  Merriam  in  his  sammary  article  on  ''The  geographic  dis- 
tribution of  animals  and  plants  in  North  America/'  in  the  Yearbook  of  this  Depart- 
ment for  1894,  page  203. 
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through  Ohio,  Indiana,  Kentucky,  Tennessee,  and  other  Western 
States.* 

Food  plants.-^J^o  food  plants  other  than  elms  are  known.  The  com- 
mon English  ehn  ( TJlmv^  campestris)  is  its  favorite  food,  and  the  gar- 
dener's variety,  the  so-called  Oamperdown,  or  weeping  ehn,  is  attacked 
with  equal  avidity.  The  American,  or  white,  elm  ( U.  americana)  ranks 
next  among  the  favored  species,  with  U.  montana^  U.  suberosa^  U.flava^ 
U.  racemosaj  and  U.  alata  in  about  the  order  named.  No  variety  seems 
absolutely  exempt.  In  the  presence  of  U,  campestris  other  elms  are 
seldom  seriously  iigured.  Where  campestris  is  absent,  or  where  a 
single  tree  of  campestris  is  surrounded  by  many  American  elms,  the 
latter  become  seriously  attacked.^ 

Life  history  and  habits. — ^The  elm  leaf-beetle  passes  the  winter  in  the 
adult,  or  beetle,  condition  in  cracks  in  fences  or  telegraph  poles,  under 
the  loose  bark  of  trees,  inside  window  blinds  in  unoccupied  houses,  in 
barns,  and,  in  fact,  wherever  it  can  secure  shelter.  As  soon  as  the 
buds  of  the  trees  begin  to  swell  in  the  spring,'the  beetles  issue  from 
their  winter  quarters  and  mate,  and  as  soon  as  the  buds  burst  they 
begin  to  feed  upon  the  leaflets. 

This  feeding  is  continued  by  the  beetles  until  the  leaves  are  fairly 
well  grown,  and  during  the  latter  part  of  this  feeding  period  the  females 
are  engaged  in  laying  their  eggs.  The  eggs  (fig.  3,  c)  are  placed  on 
the  lower  sides  of  the  leaves,  in  vertical  clusters  of  5  to  20  or  more, 
arranged  in  two  or  three  irregular  rows.  They  are  elongate  oval  in 
shape,  tapering  to  a  rather  obtuse  point,  orange  yellow  in  color,  and 
the  surface  is  covered  with  beautiful  hexagonal  reticulations.  These 
reticulations,  however,  can  be  seen  only  with  a  high  magnifying  power. 

The  egg  state  lasts  about  a  week.  The  larvse  (fig.  3,  d)  as  soon  as 
hatched  feed  on  the  under  surface  of  the  leaf,  gradually  skeletonizing 
it.  They  reach  fall  growth  in  from  fifteen  to  twenty  days,  and  then 
either  crawl  down  the  trunk  of  the  tree  to  the  surface  of  the  ground  or 
drop  from  the  extremities  of  overhanging  branches.  At  the  surface  of 
the  ground  they  transform  to  naked,  light  orange-colored  pupse  (fig. 
3,  g)y  a  little  over  a  quarter  of  an  inch  in  length,  and  in  this  stage  they 
remain  for  from  six  to  ten  days,  at  the  expiration  of  that  time  trans- 
forming to  beetles.  The  pupae  will  frequently  be  found  collected  in 
masses  at  the  surface  of  the  ground  in  this  way.  On  very  large  trees 
with  shaggy  bark  many  larvae  will  transform  to  pupae  under  the  bark 
scales,  or  on  trees  of  the  largest  size  they  may  descend  the  main 

'  Since  this  was  written  the  writer  has  learned  that  this  passage  of  the  Blue  Ridge 
barrier  has  actually  taken  place  during  the  past  season.  Mr.  A.  D.  Hopkins,  of  the 
West  Virginia  Agricultural  Experiment  Station,  has  found  that  this  insect  ha» 
established  itself  at  Elmgrove,  in  Ohio  County,  and  at  Wellsburg,  in  Brooke  County, 
W.Va. 

^The  beetles  rarely  oviposit  upon  Zelcova  carpiniafolia  and  Z.  acuminata  on  the 
Department  grounds  at  Washington. 
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Fio.  3.— The  imported  elm  leaf  beetle  (OaUniceUa  luteola).  a,  foliage  of  European  elm  BhowiDg 
method  of  work  of  beetle  and  larva— natural  size;  6,  adult  beetle;  e,  egg  mass;  d,  young  larvne;  «, 
full-grown  larva;  g,  pupa— all  greatly  enlarged;  /,  mouth  parts  of  full-grown  larva— still  more 
enlarged  (original). 
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branches  to  the  crotch  and  transform  unprotected  in  the  hollow  of  the 
crotch. 

The  larva  is  elongate,  reaching  when  full  grown  (fig.  3,  e)  half  an 
inch  in  length.  When  first  hatched  it  is  nearly  black;  as  It  increases 
in  size  it  becomes,  with  each  shedding  of  the  skin,  more  distinctly 
marked  with  yellow,  and  when  mature  the  yellow  predominates, 
occurring  as  a  broad  dorsal  stripe  and  two  lateral  stripes. 

The  difference  between  the  early  work  of  the  beetles  and  the  later 
work  of  the  larvae  is  recognized  at  a  glance.  The  beetles  eat  entirely 
through  the  leaves  and  make  complete,  irregular  holes,  while  the  larvae 
simply  eat  the  parenchyma  from  below,  skeletonizing  the  leaf. 

The  time  occupied  in  egg  laying  is  long,  and  it  thus  happens  that  at 
the  time  when  full-grown  larvae,  and  even  pupae,  are  to  be  found  there 
are  also  upon  the  leaves  freshly  laid  eggs. 

In  Washington  there  are  invariably  two  generations  annually,  the 
beetles  developed  from  the  eggs  laid  by  the  overwintered  beetles  them- 
selves laying  their  eggs  in  July.  The  adults  issuing  from  these  eggs 
make  their  appearance  in  August.  Farther  north,  at  New  Brunswick, 
N.  J.,  and  in  the  Connecticut  cities,  it  may  be  said  that  there  is  nor- 
mally a  complete  first  generation  and  an  incomplete  second  generation. 

The  proper  food  of  the  larvae  is  the  rather  young  and  tender  leaves. 
If  the  work  of  the  first  generation  has  not  been  complete,  and  the  trees 
have  not  been  so  nearly  defoliated  as  to  necessitate  the  sending  out  of 
fresh  leaves,  or  if  a  x)6riod  of  drought  ensues  after  defoliation  and  pre- 
vents the  putting  out  of  a  second  crop  of  leaves,  the  beetles  of  the  first 
generation  do  not  lay  eggs,  but  after  flying  about  for  a  time  seek  winter 
quarters.  This  may  occur  as  early  as  the  middle  of  July.  Where, 
however,  defoliation  has  been  complete  and  has  been  followed  by  a 
period  of  sufficient  moisture  to  enable  a  tree  to  put  out  a  fresh  crop  of 
leaves,  the  beetles  of  the  first  generation  will  lay  their  eggs  and  a  sec- 
ond generation  of  larvae  will  develop  upon  this  comparatively  tender 
foliage.  Where  similar  conditions  prevail  in  Washington  and  its 
vicinity,  a  third  generation  of  larvae  may  develop,  though  small  in 
numbers,  but  the  writer  is  convinced  that  even  in  Washington  late- 
developing  beetles  of  the  first  generation  may  hibernate. 

Remedies, — The  only  thoroughly  satisfactory  safeguard  against  this 
insect  consists  in  spraying  the  trees  with  an  arsenical  solution.  The 
only  other  remedy  which  is  worthy  of  mention  is  the  destruction  of  the 
larvae  at  the  surface  of  the  ground  before  or  after  they  transform  to 
pupae.  The  latter  remedy,  however,  is  not  complete,  and  even  where 
it  is  carefully  carried  out  for  every  tree  in  a  city  it  will  do  no  more  than 
reduce  the  numbers  of  the  insects  by  perhaps  two-thirds. 

Ten  years  ago  a  proposal  to  spray  the  enormous  elms  which  are  to 
be  found  in  many  Northern  towns  would  have  been  received  with 
ridicule,  but  of  recent  years  the  practicability  of  the  plan  has  so  fre- 
quently been  demonstrated  that  there  is  no  hesitancy  in  commending 
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it  to  more  general  city  use.  Probably  the  largest  elm  tree  in  America, 
the  Dexter  elm  at  Medford,  Mass.,  has  been  successfully  and  eco- 
nomically sprayed  by  the  Gypsy  Moth  Commission.  It  is  necessary 
to  have  especial  apparatus  constructed,  and  it  is  equally  necessary  to 
have  the  work  done  by  men  who  are  accustomed  to  it  or  at  least  are 
good  climbers.  The  first  successful  work  of  this  kind  was  probably 
that  done  by  Prof.  John  B.  Smith,  on  the  campus  of  Entgers  College. 
He  had  a  strong  barrel  pump,  and  carried  the  nozzle  at  the  end  of  a 
long  rubber  tube,  with  a  bamboo  extension  pole,  up  into  the  center  of 
the  trees  by  climbing  a  ladder  to  the  main  crotch.  From  this  point 
the  sj)ray  was  thrown  in  all  directions,  and  the  tree  was  thoroughly 
coated  with  the  mixture  in  a  minimum  of  time. 

The  Gypsy  Moth  Commission,  in  their  earlier  spraying  work,  sent 
their  large  tank  carts  through  the  streets,  stopping  at  each  tree  and 
sending  one  or  more  men  with  hose  and  extension  poles  into  it,  thus 
covering  hundreds  of  large  trees  in  a  single  day.  If  steam  sprayers 
are  used  (and  the  town  or  city  fire  engines  can  be  and  have  been  used 
to  excellent  advantage  in  this  way),  the  necessity  for  climbing  the 
trees  may  be  largely  avoided.  By  means  of  multiple-discharge  hose 
both  sides  of  a  tree,  or  even  of  two  trees,  may  be  sprayed  at  once, 
and  the  extent  of  territory  that  may  be  covered  in  a  day  is  surprising. 
The  elm  trees  in  a  small  park  may  be  treated  economically  and  with- 
out much  diflQculty  by  two  or  three  men  with  a  handcart  tank.  This 
method  has  been  adopted  on  the  large  grounds  of  the  Department  of 
Agriculture  with  absolute  success. 

The  writer's  experience  at  Washington  leads  to  the  conclusion  that 
it  is  important  to  spray  trees  once  just  after  the  buds  have  burst. 
This  spraying  is  directed  against  the  overwintered  beetles.  If  a  large 
proportion  of  these  beetles  can  be  destroyed  by  i)oisoning  the  leaves 
which  they  eat,  not  only  will  a  great  deal  of  leaf  perforation  by  the 
beetles  themselves  be  prevented,  but  the  number  of  eggs  laid  will  be 
very  greatly  lessened.  A  second  spraying  should  be  conducted  two 
weeks  later.  This  is  directed  against  the  larvae,  the  majority  of  which 
will  perhaps  have  hatched  by  that  time  or  soon  after.  A  third  spray- 
ing, and  even  a  fourth,  or  under  exceptional  circumstances  a  fifth, 
may  be  required  if  it  is  considered  necessary  to  keep  the  trees  fresh 
and  green,  and  particularly  if  the  earlier  sprayings  have  been  followed 
by  rains,  as  is  apt  to  be  the  case  in  the  earlier  part  of  the  season.  In 
Bridgeport,  Conn.,  where  only  a  part  of  the  trees  are  sprayed  and 
these  by  private  enterprise,  an  even  greater  number  of  operations 
have  been  found  desirable.  Three  thorough  sprayings  of  all  the  trees 
in  a  given  precinct  will  probably  be  as  much  as  will  be  required, 
especially  if  this  be  done  year  after  year  and  some  pains  be  taken  to 
destroy  such  of  the  larvae  as  may  successfully  develop  and  descend 
for  transformation.  Even  two  sprayings,  covering  all  the  elms  of  a 
city  or  town,  will  be  well  worth  the  expense. 
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The  substance  to  be  used  in  these  spraying  operations  may  be  Paris 
green,  London  purple,  or  arsenate  of  lead.  TBe  directions  for  the  use 
of  these  substances  have  been  so  often  repeated,  that  it  is  not  worth 
while  to  mention  them  here. 

The  other  remedy — the  destruction  of  the  descending  larvae  and  the 
quiescent  pupae — is,  as  above  stated,  and  must  always  be,  incomplete. 
The  standard  kerosene  emulsion,  diluted  one  part  to  five  parts  of 
water,  will  destroy  the  insects  in  either  of  these  stages.  This  has  been 
successfully  used  in  several  Few  England  towns  the  past  season,  par- 
ticularly in  New  Haven.  It  must  be  applied  to  the  base  of  the  trunk 
and  under  the  entire  limb  spread  of  the  tree.  The  rough  bark  must 
be  removed  to  a  slight  extent  (the  writer  does  not  advocate  severe 
scraping),  leaving  as  few  crevices  as  possible  which  may  harbor  the 
pupating  insects.  If  a  tree  is  very  large,  it  will  pay  occasionally  to 
climb  into  the  main  crotch  and  destroy  such  individuals  as  may  have 
collected  at  that  point.  Experience  leads  us  to  the  estimate  that  on 
large  trees  not  more  than  one-half  to  two- thirds  of  the  larvae  reach  the 
base  of  the  trunk  and  transform  at  that  point.  The  extent  to  which 
larvae  drop  from  overhanging  branches  has  been  questioned,  and  it  is 
sometimes  a  difficult  matter  to  decide.  The  city  forester  of  Spring- 
field, Mass.,  however,  called  our  attention  to  a  peculiar  and  eminently 
satisfactory  case  where  the  drooping  branches  of  a  large  elm  extended 
completely  over  a  house  on  the  other  side  of  which  there  were  no  elm 
trees.  On  the  far  side  of  the  house,  beneath  the  tips  of  the  overhang- 
ing branches,  the  larvae  and  pupae  were  collected  in  large  numbers  in 
the  summer  of  1895. 

THB  WHITB-MAEKED  TUSSOCK  MOTH. 
(Orgyia  leucostigma  Smith  and  Abbot.) 

Original  home  and  present  distribution. — This  insect  is  a  native  of 
North  America.  It  ranges  from  Jacksonville,  Fla.,  to  Nova  Scotia, 
on  the  eastern  coast,  and  extends  west  certainly  as  far  as  Keokuk, 
Iowa,  and  probably  farther,  although  the  records  at  command  include 
no  actual  captures  beyond  this  point.^  It  does  not  occur  in  California, 
so  far  as  learned. 

Food  plants, — It  attacks  almost  every  variety  of  shade,  fruit,  and 
ornamental  trees,  with  the  exception  of  the  conifers.  In  the  city  of 
Washington  it  seems  to  select  by  preference  the  poplars,  soft  maples, 
the  elms,  alders,  and  birches,  as  well  as  the  willows.  It  is  also  found 
here  on  apple,  pear,  cherry,  plum,  peach,  other  varieties  of  maplei, 
locust,  box  elder,  ash,  catalpa,  rosct  horse-chestnUt,  persimmon,  syca- 
more, mulberry,  and  a  number  of  other  trees. 

Life  history  and  habits. — This  insect  passes  the  winter  in  the  egg 
state.    The  overwintering  eggs  are  laid  by  the  female  moth  in  the  latter 


■  Prof.  L.  Brnner  has  since  reported  this  species  from  Omaha  and  Lincoln,  Nebr. 
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part  of  September,  in  a  glistening  white,  frothy-looking  mass  attached 
to  the  ontside  of  the  cocoon.  They  are  seen  at  a  glance,  owing  to  their 
pnre  white  color,  and  remain  conspicuous  apon  the  trees  until  spring. 
The  caterpillars  hatch  in  Washington  in  April  and  May.  They  are 
represented  at  different  stages  of  growth  in  figs.  4,  5,  and  6,  and  in 
view  of  the  care  with  which  these  figures  have  been  drawn  detailed 
descriptions  will  be  unnecessary.  They  cast  the  skin  five  times, 
exhibiting  a  different  character  after  each  molt,  as  indicated  in  the 


Fio.  L^Orgyia  leucotHffma.  a,  larva;  &,  female  pnpa;  c,  male  pai>a;  d,  e,  male  moth;  /,  female 
moth;  g,  BHme  ovipositing;  h,  egg  maaa;  i,  male  cocoons;  Jb,  female  cocoons,  with  moths  carrying 
eggs— all  slightly  enlarged  (origiiial). 

figures.  The  newly  hatched  young  feed  on  the  under  surface  of  the 
leaf,  eating  off  the  parenchyma  and  producing  a  skeletonized  appear- 
ance. After  the  first  molt  the  skeletonizing  continues,  but  a  few  holes 
are  eaten  completely  through  the  leaf;  after  the  second  molt  many 
holes  are  eaten  through  between  the  main  ribs,  and  after  the  third 
molt  the  leaf  is  devoured,  except  for  the  midrib  and  its  principal 
branches.  After  the  fourth  molt  the  caterpillars  begin  to  eat  from 
the  edge  of  the  leaf  and  devour  everything  except  the  principal  veins. 
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Similar  work  is  done  in  the  last  stage  upon  the  fall-grown  and  tough 
leaves  (see  fig.  7). 

A  most  peculiar  kind  of  damage  by  the  caterpillars  of  this  species 
has  been  observed  by  Dr.  Lintner  in  Albany,  N.  Y.  There,  in  the 
summer  of  1883,  be  found  that  the  tips  of  many  twigs  were  girdled 
by  the  caterpillars,  which  had  entirely  removed  the  bark  for  a  tenth 
of  an  inch.  Such  twigs  broke  off  and  fell  to  the  ground,  with  their 
leaves.  This  damage  was  so  common  in  1883  that  the  sidewalks  of 
the  streets  and  public  parks  wherever  the  American  elm  was  growing 
were  sprinkled  with  the  newly  fallen  leaves.  Dr.  Lintner  was  of  the 
opinion  that  a  cold  spring  and  the  sudden  advent  of  warm  weather 
caused  an  unusually  vigorous  growth  of  the  terminal  twigs,  and  that 
the  young  tips  were  therefore  unusually  tender.    They  thus  proved 


Fio.  6.— Tnsaock-moth  caterpillar.    First,  second,  and  third  stages— enlarged  (original). 

appetizing  to  the  tussock-moth  caterpillars,  which  developed  a  new 
habit  for  the  occasion.  This  peculiar  damage  was  repeated  in  1895, 
but  to  a  less  extent.  No  other  observer  in  any  part  of  the  country 
has  ever  reported  similar  damage. 

The  young  caterpillars  drop  down,  suspended  by  silken  threads,  at 
even  a  slight  jarring  of  the  tree,  and  frequently  spin  down  without 
such  disturbance,  and  are  blown  to  a  considerable  distance  by  the 
wind.  When  nearly  full  grown  they  are  great  travelers,  crawling 
down  the  trunk  of  the  tree  upon  which  they  were  hatched  and  across 
a  considerable  stretch  of  ground,  to  ascend  another  tree.  When  they 
occur  in  numbers,  an  extensive  migration  will  always  take  place  from 
a  tree  which  has  been  nearly  defoliated,  and  the  species  spreads  mainly, 
if  not  entirely,  in  this  way.    Just  as  is  the  case  with  the  gypsy  moth, 
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the  caterpillars  are  carried  by  vehicles  upon  which  they  crawl  or  drop, 
or  upon  the  clothes  of  passers-by,  and  in  this  way  many  trees  upon 
which  there  were  no  egg  masses  become  infest-ed. 

The  larval  state  lasts,  on  an  average,  from  a  month  to  five  weeks. 
When  full  grown,  the  larvae  spin  delicate  grayish  cocoons  of  silk  mixed 
plentifully  with  hairs.  The  mixture  of  hair  is  brought  about  by  the 
fact  that  the  hairs  are  barbed  and  rather  loosely  attached  to  the  body. 
When  a  caterpillar  begins  to  spin  its  cocoon  the  hairs  of  its  body  and 
those  of  the  long,  black  tufts  on  the  prothorax  first  become  entangled 
with  the  silken  threads  and  are  pulled  out.    By  the  time  the  cocoon  has 


FiQ.  6.— Tussock-moth  caterpillar.    Third  and  fonrth  stages,  showing:  enlarged  hairs  from  different 

parts  of  body  (original). 

begun  to  take  shape,  the  characteristic  long,  black  tufts  of  hair  have 
entirely  disappeared  irom  the  body  of  the  caterpillar.  Later  the 
shorter  hairs  of  the  sides  of  the  body  become  entangled  and  removed, 
and  finally  many  of  the  hairs  composing  the  brush-like  tufts  upon 
the  fore  part  of  the  body  are  pulled  out,  and  just  before  it  transforms 
to  pupa  the  caterpillar  bears  but  a  remote  resemblance  to  the  individ- 
ual before  it  began  to  spin. 

The  barbed  hairs  just  mentioned  may  occasionally  produce  consid- 
erable irritation  of  the  skin  of  people  upon  whom  the  caterpillars  may 
have  crawled  or  dropped  from  the  trees.    The  hairs  from  the  different 
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I)ortion8  of  the  body  of  the  full-grown  caterpillar  are  illustrated,  greatly 
enlarged,  in  fig.  6,  and  it  is  the  shorter  hairs  from  the  sides  which  prob- 
ably cause  the  irritation.  They  are  very  small,  fall  out  readily,  and, 
when  a  caterpillar  crawls  over  the  skin  of  an  individual  who  is  warm 
and  perspiring,  these  very  sharply  barbed  hairs  produce  an  irritation 
which  in  some  individuals  has  been  the  cause  of  much  discomfort, 
creating  more  or  less  inflammation  and  swelling. 

The  larva  transforms  to  pupa  within  a  few  hours  after  the  completion 
of  the  cocoon,  and  remains  in  the  pupal  condition  from  ten  days  to  two 
weeks.  The  cocoons  of  this  first  generation,  while  mainly  spun  on  the 
trunk  and  larger  branches,  are  also  spun  to  a  very  considerable  extent 
upon  the  smaller  branches  and  twigs,  and  even  on  the  partly  eaten 
leaves. 

The  adult  insect  presents  the  rather  unusual  phenomenon  of  a 
winged,  active  male  and  a  degraded,  absolutely  wingless  female.  It 
is  this  fact  which  makes  the  spread  of  the  si^ecies  dependent  upon  the 
traveling  powers  of  the  caterpillar,  as  mentioned  in  the  preceding  para- 
graph. The  male  and  female  pupaB  and  the  male  and  female  moths 
are  so  well  shown  in  fig.  4  as  to  need  no  description. 

Coupling  takes  place  upon  issuing  from  the  cocoon,  and  immediately 
afterwards  the  females  begin  to  lay  their  eggs,  clinging  firmly  to  the 
cocoons  from  which  they  have  issued  and  attaching  the  egg  mass  to 
the  lower  half  of  the  cocoon,  in  the  manner  shown  in  fig.  4,  h  and  k. 
As  soon  as  the  eggs  are  laid  the  females  die,  and  usually  fall  to  the 
ground,  although  sometimes  their  shriveled  bodies  remain  clinging  by 
the  legs  to  the  upper  part  of  the  cocoon. 

We  have  made  no  observations  as  to  the  duration  of  these  midsum- 
mer eggs.  Unfortunately,  upon  the  length  of  time  which  elapses  before 
hatching  depends  exact  information  as  to  the  number  of  annual  gen- 
erations. Specific  observations  in  1895  in  Washington  were  not  begun 
until  August  15.  At  that  time  the  egg  masses  were  everywhere  to  be 
seen,  and  about  that  time  the  eggs^began  to  hatch.  From  the  early 
statements  of  Eiley  it  was  assumed  that  these  were  the  eggs  of  the 
second  generation,  but  reference  to  the  notebooks  of  the  office  shows 
that  on  several  occasions  overwintered  eggs  have  hatched  in  Wash- 
ington in  April,  and  adults  have  issued  as  early  as  the  middle  of  June. 
From  the  middle  of  June  to  the  middle  of  August  is  certainly  long 
enough  to  allow  for  a  generation  of  this  insect.  Assuming  that  such  a 
generation  had  developed,  larvsB  from  these  August  eggs  would  belong 
to  the  third  generation.'  This,  however,  is  to  a  certain  extent  guess- 
work, and  the  regrettable  lapse  of  observations  during  the  last  half  of 

>  ObserratioDB  made  during  1896  confirmed  fully  the  surmise  here  recorded  that 
the  white-marked  tussock  moth  has  at  Washington  three  generations  annually, 
instead  of  two,  as  previously  stated  by  Riley.  (See  Bulletin  10,  Division  of  Ento- 
mology, p.  33.) 
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« 

June^  the  whole  of  July,  and  the  first  half  of  August  could  be  remedied 
only  in  another  season. 

Elaborate  observations  were  made  upon  this  August  brood  in  1895, 
the  individuals  of  which  were  present  in  extraordinary  numbers.  Cer- 
tain of  the  larv8B  under  observation,  which  hatched  on  August  2,  com- 
menced to  spin  ux>on  September  3,  and  on  September  14  the  first  male 
moths  made  their  appearance,  the  first  females  issuing  September  19. 
During  the  latter  part' of  September  the  bulk  of  the  moths  issued,  and 
the  conspicuous  white  egg  masses  were  very  abundant  by  the  1st  of 
October.  Many  of  these  egg  masses  were  kept  under  observation  from 
that  time  on.  In  the  cold  room  of  the  in  sectary  (temperature  the  same 
as  outdoors)  a  few  eggs  hatched  about  the  close  of  the  second  week  in 
October,  and  on  October  23  two  newly  hatched  larvae  were  observed 
upon  an  egg  mass  collected  out  of  doors.  This  late  fall  hatching,  how- 
ever, is  probably  exceptional,  but  in  a  late,  warm  autumn  it  is  likely 
to  be  rather  general.  It  is  hardly  to  be  supposed  that  any  individuals 
hatching  after  the  1st  of  October  will  successfully  transform.  The 
cocoons  of  this  late  fall  generation  are  almost  invariably  spun  upon 
the  trunk  of  the  tree  and  in  the  crotches  of  the  main  limbs,  but  occa- 
sionally, in  the  case  of  large  trees,  upon  the  larger  limbs  themselves. 
The  tendency  of  all  the  larvsB  of  this  generation  is  to  crawl  toward  the 
ground  before  transforming.  Cocoons  are  occasionally  spun  upon 
fences  or  other  objects  near  the  trees  upon  which  the  larvae  have  been 
reared,  but  the  vast  majority  are  found  upon  the  trunks. 

There  are,  then,  certainly  two,  and  probably  three,  annual  genera- 
tions at  Washington.^  In  New  York  and  Brooklyn  there  are  two 
well-marked  generations.  At  Boston,  as  is  learned  from  Mr.  Samuel 
Henshaw,  there  are  two  generations.  Farther  north,  however,  although 
the  statement  is' based  upon  no  exact  observation,  it  is  not  at  all  likely 
that  there  are  more  than  one,  and,  as  stated  in  the  introduction,  the 
comparative  harmlessness  of  the  species  in  such  regions  is  probably 
due  to  the  nondovelopment  of  the  second  generation. 

Remedies. — ^There  are  two  classes  of  remedies  as  well  as  an  excellent 
preventive  that  may  be  used  to  advantage  against  this  insect.  These 
are  the  collection  or.  destruction  of  the  eggs  in  the  winter,  spraying 
the  trees  against  the  larvae,  and  banding  unattacked  trees  to  prevent 
the  ascent  of  the  caterpillars  and  the  subsequent  development  of 
moths  and  the  laying  of  eggs. 

The  collection  and  destruction,  or  the  destruction  without  collecting, 
of  the  eggs  must  be  thorough  in  order  to  have  any  practical  efficacy. 
The  great  majority  of  the  hibernating  egg  masses  are  deposited  low 
down  on  the  trunk  of  the  tree  or  upon  the  main  limbs,  so  that  they  can 

1  Certainly  occasionaUy,  and  probably  always,  three,  as  indicated  in  the  footnote 
on  the  preceding  page. 
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be  reached  in  one  way  or  another  without  much  difficulty.  The  egg 
mass  is  compact,  and,  being  attached  to  the  somewhat  flimsy  cocoon 
and  not  to  the  bark,  it  is  easily  removed  either  by  hand  or  by  scraping 
it  ofl'.  The  egg  masses  which  have  been  scraped  off  must  not  be 
allowed  to  remain  at  the  surface  of  the  ground,  but  should  be  collected 
and  burned.  A  scraper  for  the  removal  of  egg  masses  which  occur  too 
high  to  be  reached  by  hand  has  been  devised,  by  Mr.  South  wick,  of 
Central  Park,  New  York  Oity,  and  consists  of  a  very  small  hoe  blade 
at  the  end  of  a  long  pole.  Perfectly  unskilled  labor  can  be  utilized  in 
this  operation,  but  the  workman  should  be  impressed  with  the  neces- 
sity of  absolute  thoroughness;  not  an  ogg  mass  should  be  overlooked. 


Fio.  7.— Silver  maple  leaves  eaten  by  larvee  of  white-marked  tnssock  moth  in  sncceBsive  stages  of 
growth  from  a  (newly  hatched  larvse)  to/  (fnll-grown  l«rv»)— redaoed  (original). 

In  the  work  against  the  gypsy  moth  in  Massachusetts  it  has  been 
found  that  the  egg  masses  can  not  be  removed  to  the  best  advantage 
by  means  of  scrapers.  The  eggs  are  attached,  not  to  the  cocoons,  but 
to  the  bark  of  the  trees,  and  certain  eggs  may  be  left  in  the  attempt 
to  remove  the  mass.  An  extensive  series  of  experiments  has  therefore 
been  carried  on  with  a  view  to  securing  a  liquid  which  will  penetrate 
and  destroy  the  egg  masses. 

A  satisfactory  liquid  for  this  purpose  has  been  found  in  creosote  oil, 
to  which  turpentine  is  added  to  keep  it  liquid  in  cold  weather,  with  tar 
to  blacken  it  so  that  treated  egg  masses  can  be  recognized  at  a  glance. 
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The  workman  is  famished  with  a  pole,  to  the  end  of  which  a  small 
sponge  is  tied.  He  goes  fi*om  tree  to  tree,  dipping  the  sponge  occa- 
sionally into  the  creosote  preparation  and  tonching  with  it  each  e^gg 
mass  found.  This  is  a  simple  and  very  rapid  method.  It  has  the 
advantage  of  rapidity  over  the  scraping  method  described  above,  since 
after  the  eggs  are  scraped  off  they  must  be  collected  and  carried  away 
for  burning. 

A  modification  of  this  plan  may  be  used  to  advantage  against  the 
tussock  moth.  The  pure  white  color  of  the  egg  mass  of  the  tussock 
moth,  however,  renders  the  use  of  coal  tar  in  the  preparation  unnec- 
essary, since  the  creosote  oil  alone  will  discolor  it  enough  to  render  a 
treated  mass  recognizable  at  a  distance. 

^o  ex])licit  directions  for  spraying  with  arsenical  poisons  against 
this  insect  are  needed.    The  same  liquid  and  the  same  apparatus  that 


Fio.  6.—Pimpla  inquiritor,  an  lohneumonld  parasite  of  tasaook-moth  caterpillar,  a,  paraaitized  cat- 
erpillar; &,  e^g  of  parasite;  e,  same  in  tUu;  d,  parasite  larr»  issning;  «,  parasite  cocooos— all 
slightly  enlarged,  except  b  and  c,  which  are  much  enlarged  (original). > 

are  used  against  the  elm  leaf-beetle  may  be  used  against  this  insect, 
and  the  spraying  may  be  done  at  about  the  same  time  of  the  year.  It 
is  essential  that  the  caterpillars  of  the  first  generation  shall  be  killed, 
as  the  second  and  more  destructive  brood  will  thus  be  prevented. 

Banding  of  the  trees  is  practiced  to  advantage  with  this  species.  It 
is  the  only  one  of  the  shade-tree  insects,  except  the  bagworm,  which 
has  a  wingless  female.    All  the  others,  except  the  gypsy  moth,  spread 


<See  Bulletin  5,  teohnical  series,  Division  of  Entomology,  and  Bulletin  9,  new 
series,  pages  15-17,  for  an  extended  account  of  the  parasites  of  this  species.  The 
injurious  outbreak  of  1895  was  checked  in  the  most  perfect  manuer  by  these  para- 
sites, so  that  the  tussock  moth  was  hardly  to  be  noticed  during  the  latter  part  of 
1896,  or  during  1897  or  1898. 
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from  tree  to  tree  by  the  flight  of  the  female.  Many  experiments  have 
been  made  with  different  styles  of  bands,  and  it  has  been  practically 
proved  that  a  broad,  thick  strip  of  raw  cotton,  tied  about  the  trunk 
of  the  tree  with  a  string,  is  after  all  the  most  efficacious  and  perhaps 
the  cheapest.  Such  bands  have  to  be  renewed  occasionally,  as  they 
become  more  or  less  matted  together  and  spoiled  by  rainstorms. 

Next  in  point  of  efficacy  will  probably  come  bands  of  insect  lime, 
several  brands  of  which  are  on  the  market.  Insect  lime  is  a  sticky, 
coal-tar  product,  which  retains  its  viscidity  for  a  considerable  time. 
A  ring  made  around  a  tree  will  remain  operative  for  some  weeks  in 
warm  weather. 

THE  FAL.L  WEBWOBM. 

{Hyphantria  ounea  Drory;  figs.  9  to  11.) 

Associated  with  the  white-marked  tussock  moth  in  its  damage  to 
tbe  shade  trees  of  tbe  city  of  Washington  during  the  summer  of  1891, 
were  very  many  specimens  of  the  fall  webworm;  in  fact,  this  insect  was 
more  abundant  during  the  summer  of  1895  than  it  has  been  in  Wash- 
ington since  1886.  It  was  not  as  numerous  and  destructive  as  the 
white-marked  tussock  moth,  and  the  last  generation  was  so  extensively 
parasitized  as  to  lead  to  the  anticipation  that  the  species  would  not  be 
especially  abundant  during  1896. 

The  fall  webworm  is  a  typical  American  species.  It  is  found  from 
Canada  to  Georgia  and  from  Montana  to  Texas.  It  is  an  almost  uni- 
versal feeder,  and  the  records  of  the  Division  of  Entomology  list  about 
120  si>ecies  of  shade  and  ornamental  trees,  as  well  as  fruit  trees,  upon 
the  leaves  of  which  it  feeds. 

In  the  District  of  Columbia  and  north  to  Kew  York  City  there  are 
two  generations  annually,  as  is  the  case  with  the  tussock  moth.  In 
more  northern  localities,  where  it  is  single-brooded,  it  loses  its  place 
as  a  species  of  great  importance.  It  hibernates  as  a  pupa  within  a 
cocoon  attached  to  the  trunk  of  its  food  plant,  or  to  tree  boxes,  neigh- 
boring fences,  or  to  rubbish  and  sticks  or  stones  at  the  surface  of  the 
ground.  The  different  stages  of  the  insect  are  shown  in  figs.  9  to  11. 
The  moth,  which  may  be  either  pure  white  or  white  spotted  with  black, 
flies  at  night  and  deposits  a  cluster  of  400  or  500  eggs,  upon  either  the 
upper  or  the  under  surface  of  the  leaf.  The  caterpillars  feed  gregari- 
ously, and  each  colony  spins  a  web  which  may  eventually  include  all 
the  leaves  of  a  good-sized  limb.  Beaching  full  growth,  the  caterpillars 
leave  the  web  and  crawl  down  th^  trunk  of  the  tree  to  spin  their  cocoons. 
The  caterpillars  of  the  second  generation  begin  to  make  their  appear- 
ance in  force  in  August. 

Remedies. — On  account  of  the  fact  that  the  adult  female  is  an  active 
flier,  we  can  use  against  the  fall  webworm  but  two  of  the  remedies 
suggested  for  use  against  the  tussock-moth  caterpillars,  namely,  spray- 
ing with  arsenical  poisons  and  the  collection  of  the  cocoons.    The  gre- 
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garioas  habit  of  the  larvae,  however,  suggests  another  remedy  which  is 
practical  and  very  efficient  if  thoroughly  carried  out.  This  i£  the 
destruction  of  the  webs  and  the  contained  larvae,  either  by  cutting  off 
the  twigs  which  carry  them  and  burning  immediately,  or  burning  the 
webs  without  pruning.  If  this  work  be  done  properly  and  against  the 
early  summer  generation,  the  pruning  method  is  unnecessary  and  inad- 
visable. By  the  use  of  a  proper  torch  the  webs  and  the  caterpillars 
which  they  contain  can  be  burned  off  at  nightfall  without  necessarily 
destroying  the  life  of  the  twigs,  and  a  second  crop  of  leaves  will  be  put 
out  a  little  later,  so  that  the  tree  does  not  remain  disfigured  for  any 
length  of  time.  A  bundle  of  rags  wired  to  the  end  of  a  pole  and  satu- 
rated with  kerosene  makes  a  good  torch  for  the  pur];>ose^  or  a  porous 
brick  wired  to  a  pole  and  saturated  with  kerosene  answers  the  purpose 
even  better.  Private  persons  will  find  this  remedy  sufficient.  City 
authorities  should  apply  an  arsenical  spray.  OoUecting  the  cocoons  in 
winter  maybe  carried  on  simultaneously  with  the  collection  of  the  egg 
masses  of  the  white-marked  tussock  moth,  but  this,  as  well  as  other 
community  remedies,  wUl  be  referred  to  at  another  place. 

THE  RELATIVE  IMMUNITY  FROM  INSECTS  OP  DIFFERENT  VARIETIES 

OF  SHADE  TREES. 

As  regards  a  number  of  the  principal  shade  trees  that  are  most  com- 
monly grown,  there  does  not  seem  to  be  any  great  preference  on  the 
part  of  the  fall  webworm  and  the  tussock-moth  caterpillar.  If  a  moth 
happens  to  lay  her  eggs  upon  or  near  a  given  tree  standing  in  a  row, 
the  species  will  naturally  spread  along  the  row  before  it  will  cross  to 
the  opposite  side.  In  this  way  erroneous  ideas  of  the  relative  immunity 
of  trees  have  frequently  been  gathered. 

Taking  the  insect  question  as  a  whole,  however,  there  is-^  decided 
difference  in  the  relative  value  of  certain  varieties.  In  December,  1893, 
the  Tree  Planting  and  Fountain  Society  of  Brooklyn  asked  a  number 
of  experts  to  name  for  the  use  of  the  society  nine  of  the  most  valuable 
trees  for  planting  in  Brooklyn.  Three  of  these  trees  were  to  be  large- 
growing,  three  medium-sized,  and  three  small-growing  varieties. 

The  reply  of  Mr.  B.  E.  Pernow,  Chief  of  the  Division  of  Forestry  in 
the  United  States  Depai'tment  of  Agriculture,  was  comprehensive  and 
of  great  value.  He  tabulated  nearly  60  varieties,  analyzing  their  good 
qualities  under  the  different  heads  of  endurance,  recuperative  power, 
cleanliness,  beauty  of  form,  shade,  leaf  period,  rapidity  of  growth,  and 
persistence,  giving  3  as  the  highest  mark  for  any  one  of  these  qualities 
and  estimating  the  value  of  a  given  tree  by  the  total  number  of  marks 
given  to  it.  This  reply  was  printed  and  issued  as  a  circular  by  the 
Brooklyn  society.  Mr.  Fernow  made  no  specific  rating  for  immunity 
from  insect  pests,  although  in  his  introductory  remarks  he  seems  to 
have  included  the  insect  question  under  the  head  of  cleanliness. 
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As  is  quite  to  be  expected,  the  rating  arrived  at  from  the  summiDg 
up  of  the  qualities  mentioned  differs  very  considerably  from  the  rating 
which  might  be  arrived  at  from  the  quality  of  immunity  from  insects. 
Taking  the  large  and  medium-sized  trees  only  (36  species  in  all),  Mr. 
Fernow's  rating  stands  as  follows,  only  the  total  gained  by  the  addition 
of  the  ratings  in  the  several  qualities  considered  being  given: 


Variety  of  tree. 


Total 

rating 

(Femow). 


Insect 


ratinff 


(Ho 


^         LABGI-8IZED  TBEB8. 

Hed  omk.  {Quercu*  rubra) 

SctLriet  oa)L  (QueretiS  eoecirua) 

Yellow  oak  ( Quereus  vtluHtia) 

American  elm  (Ulmtu  americana) 

Sng9T  mB,p\e  {Aeer  taceharum) 

Black  maple  (Aewni^rum) 

Talip  tree  (Liriodendron  tulip\fera) 

European  linden  {TiUa  vtUgarii) 

Small-leafed  linden  (TUia  mierophylla) 

Sweet  gam  (Liquidambar  atyraeiflua) 

White  oak  {Queretu  alba) 

Bar  oak  {Qttercua  macroearpa) 

Oriental  plane  tree  (Platanu*  orientalU) 

Kentucky  coffee  tree  {Gymnoeladus  divisxr.) 

American  plane  tree  (Platanu*  oceidentaiis) 

Sycamore  maple  (Acer pieudoplatanua) 

American  linden  {TUia  anuritana) 


MEDIUM-SIZED  TEEES. 


Red  maple  (Aeerrubrum) 

Shingle  oak  {Quereus  imbriearia) 

WiUow  oa,}i  (Quereus  phsUot) 

Slippery  elm  (Ulmtu pubeseeM) 

Norway  maple  (Acer  platanoides) 

Box  elder  (Negundo  negundo) 

European  elm  (Ulmus  eampastris) 

Scotch  elm  (Ulmui montana) 

Hackberry  (Celtia  oeeidentalis) 

Silver-leafed  maple  (Aeer  gaeeharinum) 

Tree  of  heaven  {AUanthus  glandtdoaa) 

Horse-chestnut  (JBaetUus  hippoeoitanum ) 

Japanese  sophora  {Sophorajaponica) 

Hardy  catalpa  ( CataXpa  apeeioaa) 

Qmgko  (CHngkobiloba) 

Honey  locust  ( QUdittchia  triacanthoa) 

Cottonwood  (Popidus  monili/era) 

Balm  of  Gilead  (Poptdus  balsam\fera  v.  eandieam) . 
Black  locust  (Robinia  paeudaectcia) 


22 

2.5 

22 

2.5 

22 

2.6 

22 

1.5 

19 

2.5 

19 

2.5 

19 

8.0 

19 

L5 

19 

2.0 

19 

2.0 

19 

2.0 

19 

2.0 

19 

L5 

19 

20 

18  . 

L5 

17 

2  0 

17 

1.5 

22 
21 
21 
21 
20 
20 
10 
10 
10 
17 
16 
16 
16 
16 
16 
15 
15 
15 
14 


2.0 

2.0 

2.5 

2.0 

2  0 

.0 

.5 

1.0 

1.5 

1.5 

2.5 

2.0 

2.5 

2.0 

3.0 

1.0 

.5 

.5 

.5 


The  writer  has  made  ratings  of  these  same  trees  according  to  their 
immunity  from  the  attacks  of  insects,  the  trees  most  immune  being 
rated  at  3  and  those  most  attacked  by  insects  at  0.  The  figures  relat- 
ing to  insect  attack  are  displayed  above  in  a  contrasted  column  next  to 
the  total  rating,  and  in  order  that  the  relative  importance  from  the 


Digitized  by  VjOOQ IC 


23 

insect  standpoint  may  be  seen  at  a  glance  the  same  trees  have  been 
rearranged  in  a  separate  table  as  follows: 


Variety  of  tre«. 


Gingko  (Oingko  biloba) 

Talip  tree  (Liriodendron  ttUipifera) 

Sugar  maple  {Acer  8<ueharum) 

*  Red  oak  (Qttercua  rubra) 

Tree  of  heaven  {Ailanthus  gtandulosa) . . 

iScarletoak  (Quercus  eoceinsa) 

Yellow  oak  (Qtieretu  velutina) 

WOlovr  oaik.  {Quereus ptieUoa) 

Black  maple  {Acer  niyrum) 

Japanese  sophora  (Sophora  japonica) . . . 
Horae-oheetnnt    (JEaeuhts    hippocasta- 

num) 

Bed  maple  (ileer  ru^rum) 

Small-leafed  linden  (TUia  microphyUa)  . 

White  OAk  (Quereua  alba) 

Sweet  gum  {Liquidambar  styraeiflua) . . 

Bur  oaik.  (Qtieretu  maeroearpa) 

Kentucky   ooffee    tree    (QymnocladuB 

diffiius) 

Sycamore  maple  (Acer  pieudo-plattmut) . 


Insect 
rating. 

3.0 
3.0 
2.5 
2.5 
2.5 
2.5 
2.5 
2.6 
2.5 
2.5 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 


Variety  of  tree. 


Shingle  oak  (i^uereut  imbriearia) 

Slippery  elm  {Ulmiu pubescent) 

Norway  maple  (Acer  platanoides) 

Htardy  caAaHptk  {Oatalpa  $peeio9a) 

European  linden  (TiUa  vuigarit) 

American  elm  ( Ulmu9  amerieana) 

Haokberry  (CelHs  oeeidentaUi) 

Silver-leafed  maple  (Acer  taeeharinum) 
Oriental  plane  tree  (Platanut  orientalii) 
American  plane  tree  {Platanus  oeei- 

dentalin) 

American  linden  (Tilia  amerieana) 

Honey  locust  (Oleditsehia  triaeanthot) . 

Scotch  elm  ( Ulmus  montana) 

Cottonwood  (Populue  monilifera) 

Balm  of  Oilead  (Populut  baUam\fera  v. 

oandieana) 

European  elm  ( XTlmua  eampettris) 

Black  locuflt  (Robinia  peeudaeaeia) 

Box  elder  (Ncffundo  negundo) 


Insect 
rating. 


2.0 
2.0 
2.0 
2.0 
1.5 
1.5 
1.5 
L5 
1.5 

1.5 
1.5 
1.0 
1.0 
.5 

.5 
.5 
.5 

.0 


1  This  estimate  of  the  red  oak  and  scarlet  oak  was  hased  largely  on  the  beautiful 
condition  of  certain  trees  growing  in  the  streets  of  Washington,  D.  C.  Since  the 
publication  of  the  Yearbook  article,  however,  several  of  these  trees  have  developed 
rather  serious  cases  of  insect  injury.  The  locust  borer  (Xyleutet  robiniw)  has  attacked 
a  uumber  of  the  trees,  and  although  it  is  not  apparently  weakening  their  vitality  to 
any  serious  extent,  still  it  bids  fair  to  do  considerable  damage.  The  trees  have  been 
treated  by  injecting  a  small  quantity  of  bisulphide  of  carbon  into  the  burrows  and 
covering  the  opening  with  putty.  In  a  few  caaes  the  obscure  scale  (Aspidiotua 
ohscurus)  has  attacked  these  trees.  It  has  not  as  yet  killed  any  branches,  but  it 
multiplies  as  abundantly  as  its  dangerous  relative,  A,  lenehriooaus,  of  the  maple,  and 
I  eee  no  reason  why  it  should  not  be  an  equally  injurious  species.  This  experience 
somewhat  shakes  the  confidence  of  the  writer  in  his  estimate  of  the  rating  of  these 
oaks,  but  not  to  any  very  serious  extent. 

It  will  be  noticed  that  the  trees  listed  by  Mr.  Fernow  which  we  find 
to  be  most  immune  are  the  gingko  and  the  tulip  tree.  Outside  of  the 
grounds  of  the  Department  of  Agriculture  at  Washington  and  Cen- 
tral Park,  New  York,  few  gingko  trees  are  grown  in  this  country, 
except  as  occasional  isolated  examples.  The  tree  itself  is  a  very 
beautiful  one,  and  singularly  free  from  insect  attack.  In  the  long 
double  row  of  these  trees,  now  nearly  twenty-five  years  old,  on  the 
grounds  of  the  Department  of  Agriculture,  but  one  species  of  injuri- 
ous insect  has  ever  been  found,  and  the  work  of  this  species  is  very 
insignificant.  It  is  the  little  sulphur-yellow  leaf-roller,  Tortrix  sul- 
phureana. 

The  tulip  tree,  which  is  given  the  same  rating,  is,  for  practical  pur- 
poses, almost  as  exempt  as  the  gingko.    Of  late  years  in  the  District 
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of  Oolnmbia  it  has  been  rather  extensively  infested  by  a  plant  louse 
{Siphonaphora  Uriodendri)^  but  although  the  lice  occur  on  the  leaves 
in  great  numbers,  the  general  appearance  of  the  trees  has  not  suffered. 
There  is  a  little  gall  midge  which  produces  little  black  spots  on  the 
,  tulip  tree  leaves  and  disfigures  them  to  some  extent,  and  quite  recently 
Mr.  Schwarz  has  found  that  tulip  scrub  is  affected  to  some  extent  in 
the  District  of  Columbia  by  a  little  bark-boring  beetle. 

The  box  elder  is  a  singularly  unfortunate  choice  for  a  shade  tree  in 
this  climate.  It  is  almost  defoliated  by  the  webworm,  it  is  sought 
after  by  the  tussock  moth,  and  various  leaf-rollers  attack  it  as  well  as 

certain  destructive  borers. 
In  the  West  the  box-elder 
plant-bug  (Leptocaris  triviU 
tatus)  breeds  upon  it  in 
enormous  numbers,  and  not 
only  damages  the  trees  to  a 
serious  extent,  but  causes 
much  further  annoyance  by 
entering  houses  for  hiber- 
nation. 

The  European  elm  is  given 
a  low  rank,  almost  entirely 
on  account  of  its  annual  de- 
foliation by  the  imported 
elm  leaf-beetle. 

The  honey  locust  and  the 
black  locust,  while  not  defo- 
liated to  the  same  extent  as 
many  other  trees  by  the  web- 
worm and  the  tussock-moth 
caterpillar,  are  rendered 
very  unsightly  almost  every 
year  by  the  work  of  a  leaf- 
mining  Hispid  beetle  and  of 

Pio.  9.-raU  webworm  (Hyphantria  eunea).    Moths  and      pp^tain    Lemdontproua   Iftaf 
cocoons-natural  8ize  (original).  CCriain    IjCpiaopi^rOUS   ICai 

miners.  They  are  also  fre- 
quently killed  by  the  large  Lepidopterous  borer,  Xyleutes  rohinicej  and 
certain  Coleopterous  borrrs  also  infest  them. 

From  the  insect  standpoint,  there  are  several  fine-growing  orna- 
mental trees  on  the  grounds  of  the  Department  of  Agriculture,  not 
listed  above,  which  are  seldom  attacked  by  insects.  The  beeches, 
hornbeams,  aiders,  and  magnolias  have  very  few  insect  enemies,  and 
are  rarely  defoliated  by  either  of  the  principal  leaf-eating  caterpillars. 

With  regard  to  the  extreme  attractiveness  which  the  European  elm 
possesses  for  the  imported  elm  leaf  beetle,  the  question  is  frequentl]^ 
asked  whether  it  would  not  be  better  to  cut  down  all  European  elms 
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growiug  iu  parks  or  in  rows  with  American  elms.  Such  a  coarse^ 
however,  would  seem  to  be  undesirable.  After  the  elm  leaf-beetle  has 
established  itself  in  a  given  locality,  it  will  attack  the  American  elms 
to  a  very  serions  extent,  in  the  absence  of  its  favorite  food  plant.  It 
is,  therefore,  better  to  allow  a  few  European  elms  to  remain.  These 
will  then  act  as  trap  trees,  and  the  necessity  for  treating  a  large  num- 
ber of  trees  will  in  most  cases  be  greatly  reduced. 

In  selecting  shade  trees,  particularly  for  small  cities  and  towns  in 
agricultural  regions,  and  even  to  a  considerable  extent  in  large  cities, 
the  relative  honey-producing  qualities  of  the  proposed  shade  trees  is 
a  matter  of  some  little  importance;  not  so  much,  i)erliaps,  in  the  mat- 
ter of  actual  food  for  the  ordinary  honeybee  as  in  that  of  the  increase 
of  bees  on  account  of  their  great  value  as  cross  fentilizers  of  orchard 
trees  aod  forage  crops.  From  this  point  of  view,  there  are  five  very 
important  honey  producers  among  the  principal  shade  trees.  These 
are,  in  order  of  importance:  American  linden,  tulip  tree,  black  locust, 
horse-chestnut,  and  sugar  maple. 

GENERAL  WORK  AQAINST  SHADE-TREE  INSECTS  IN  CITIES  AND 

TOWNS. 

The  question  of  proper  work  against  the  insects  which  affect  shade 
trees  in  cities  and  towns  naturally  divides  itself  under  two  heads:  (1) 
What  can  be  efficiently  and  economically  done  by  city  governments  T 
(2)  If  city  or  town  administrators  will  not  appropriate  a  small  amount 
of  money  to  carry  on  work  of  this  kind,  what  can  citizens  who  are 
interested  in  the  preservation  of  shade  trees  do! 

The  planting  of  shade  trees  seems  to  be  considered  a  legitimate  func- 
tion of  the  board  of  public  works  in  every  municipality.  It  is  some- 
times done  by  a  specially  appointed  officer,  under  the  control  of  the 
8ux)erintendent  of  streets  and  sewers;  or  it  is  placed  in  charge  of  a 
subcommittee  of  the  board,  or  a  special  commission  of  outsiders  is 
appointed  to  superintend  the  work.  Admitting  that  the  planting  of 
shade  trees  is  a  public  matter,  their  care  should  also  be  a  public  duty. 
Yet  in  not  one  of  the  larger  or  smaller  cities  of  the  Eastern  United 
States  with  which  the  writer  is  familiar  is  any  proper  amount  of  work 
done  by  the  public  authorities  against  shade-tree  insects.  New  York  is 
the  only  city  in  the  country  where  a  man  of  entomological  knowledge 
is  employed  to  direct  operations  against  shade- tree  insects,  either  in  the 
streets  or  the  public  parks.  The  writer  does  not  wish  to  be  understood 
as  advocating  the  appointment  of  a  paid  entomologist  by  every  city 
government,  although  where  the  parks  are  large  in  cities  situated 
within  the  region  of  greatest  shade-tree  insect  activity,  such  a  course 
is  always  desirable.  With  an  intelligent  and  industrious  superintend- 
ent of  parks,  or  a  city  forester,  or  whatever  he  may  be  termed,  and  the 
wise  exx)enditure  of  a  comparatively  small  amount  of  money  each  year, 
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the  shade  trees  of  any  city  could  be  kept  green  throughout  the 
summer. 

The  amount  of  money  to  be  expended  in  this  direction  would  natu- 
rally vary  with  the  number  of  trees  to  be  attended  to,  as  well  as  with 
the  variety  and  the  size  of  the  trees  and  the  geographical  location  of 
the  city.  Even  in  Brooklyn,  however  (and  this  seems  to  the  casual 
observer  to  be  the  most  unfortunate  of  all  our  Eastern  cities  from  this 
standpoint),  it  is  within  bounds  to  estimate  that  the  expenditure  of 
$4,000  to  $5,000  a  year  would  result  in  green  shade  trees  the  summer 

, ^  through.      This    amount, 

moreover,  will  in  all  proba- 
bility not  need  to  be  an  an- 
nual appropriation.  The 
first  cost  of  a  proper  spray- 
ing apparatus  will  have  to 
be  added,  but  the  appara- 
tus once  purchased  and 
thorough  work  performed 
for  two  or  three  years  con- 
secutively, the  probabili- 
ties are  strong  that  the 
number  of  shade- tree  in- 
sects would  be  reduced  to 
such  an  extent  that  a  con- 
siderably smaller  annual 
expenditure  would  be  suf- 
ficient. 

The  question  of  proper 
spraying  apparatus  is  a 
rather  serious  one,  since  in 
this  direction  a  considera- 
ble amount  of  money 
should  be  expended.  A 
steam  apparatus  willdothe 
work  with  much  greater 
rapidity  than  a  hand  pump ; 
and  yet  with  a  strong, 
double-acting  force  pump,  which  can  be  operated  by  a  single  man,  and 
a  tank  of  100  gallons  capacity,  mounted  upon  a  strong  cart,  many  large 
trees  can  be  well  sprayed  in  the  course  of  a  day.  Prom  such  a  pump  two 
lines  of  hose  may  be  run  with  advantage.^  The  working  force  of  such 
an  apparatus  should  be  a  horse  to  draw  the  cart,  a  man  to  drive  and  do 
the  pumping,  and  one  man  to  each  line  of  hose.    Several  such  machines 

'  In  the  Yearbook  of  this  Department  for  1896  will  be  found  an  article  by  the 
writer  entitled  ^^  The  use  of  steam  spraying  apparatus/'  to  which  persons  interested 
in  such  matters  are  referred  in  this  connection. 


Fio.  10.— Fall  webworm.  a,  light  form  of  full-grown  larva; 
fr,  dark  form  of  aame;  o,  papa;  d,  spotted  form  of  moth 
(compare  flg.  9)— all  slightly  enlarged  (original). 
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have  been  used  with  good  results  in  the  work  of  the  Gypsy  Moth 
Commission,  both  for  street  trees  and  in  the  public  parks.  A  steam 
apparatus,  however,  of  such  a  capacity  that  a  pressure  of  75  pounds 
per  square  inch  may  be  gained  will  enable  the  operation  of  four  or 
five  lines  of  hose  simultaneously.  The  rapidity  of  work  will  therefore 
be  doubled,  and  certainly  by  the  use  of  two  such  pumps  the  shade  trees 
of  any  ordinary  city  can  be  gone  over  with  sufficient  rapidity  to  destroy 
all  insects  within  the  required  time.  A  boiler  mounted  on  a  truck,  the 
boiler  to  be  complete  with  all  fixtures,  smokestack,  bonnet,  firing  tools, 
springs  to  the  truck,  and  a  pump  having  a  capacity  of  10  to  20  gallons 
a  minute  connected  with  the  boiler  ready  for  operation,  can  be  pur- 
chased for  a  sum  well  within  $500.  This  truck  should  be  mounted  on 
wheels  with  broad  tires,  for  running  over  sandy  roads.    Connecting 


Fio.  11.— Fftll  webworm.    Saspended  Urva  and  section  of  web— natural  size  (original). 

this  apparatus  with  a  proper  tank  cart  would  be  an  additional  expense, 
not  to  exceed  $100  for  a  tank  of  a  capacity  of  200  gallons.  Such  an 
apparatus,  furnished  with  hose  and  smoothbore  nozzles  of  about  one- 
sixteenth  inch  in  diameter,  when  discharging  under  40  pounds  pres- 
sure from  each  of  several  such  nozzles,  would  spray  about  half  a  gal- 
lon of  insecticide  mixture  per  nozzle  per  minute. 

A  strong  steam  pump,  to  be  used  in  connection  with  a  small  oil- 
burning  boiler,  the  whole  apparatus  on  a  smaller  scale  than  that 
described  above,  has  been  estimated  at  $275  by  a  prominent  New  York 
firm,  delivered  on  board  the  cars. 

There  is  no  reason  why  an  old  steam  fire  engine  could  not  be 
readily  arranged  for  this  shade  tree  spraying  work.  In  one  or  two 
instances  a  steam  fire  engine  has  been  used  for  this  purpose  without 
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modification,  the  object  being  simply  to  knock  the  insects  from  the 
trees  by  means  of  a  strong  stream  of  water.  By  such  means  as  this 
the  Superintendent  of  the  Military  Academy  kept  the  elm  trees  green 
at  West  Point  several  years  ago.  In  every  large  city,  where  the  fire 
department  is  necessarily  kept  in  the  best  condition,  an  engine  is 
occasionally  retired.  The  transfer  of  such  a  retired  engine  to  the 
street  department  could  no  doubt  be  readily  made,  and  a  little  work 
by  a  competent  steam  fitter  could  transform  it  into  a  most  admirable 
insecticide  machine.  In  this  way  the  initial  expenditure  for  machinery 
would  be  avoided. 

When  the  spraying  apparatus  has  once  been  provided,  the  funds 
necessary  for  the  purchase  of  insecticides  and  the  necessary  labor  at 
the  proper  time  must  be  available.  If  the  work  is  not  done  promptly 
and  at  just  the  right  time,  more  or  less  damage  will  result,  aud  a 
greater  exi>enditure  will  be  necessary.  During  the  latter  part  of  May 
and  the  first  part  of  June,  in  the  case  of  nearly  all  prominent  shade- 
tree  insects,  one  or  two  thorough  8])rayings  must  be  made.  In  fact,  a 
second  spraying,  begun  .immediately  after  the  completion  of  the  first 
one,  will  in  ordinary  cases  be  as  much  as  need  be  expected.  In  addi- 
tion to  this  spraying  work,  a  force  of  men  must  be  employed  for  a  time 
in  July  to  destroy  the  elm  leaf-beetle  larvae  as  they  are  descending  to 
the  ground  and  to  burn  tlie  webs  of  the  first  generation  of  the  faU 
webworm.  This  will  finish  the  summer  work.  The  winter  work  will 
consist  of  the  destruction  of  the  eggs  of  the  white-marked  tussock 
moth,  the  cocoons  of  the  fall  webworm,  and  the  bags  of  the  bagworm. 
The  number  of  men  to  be  employed  and  the  time  occupied  will  depend 
upon  the  exigencies  of  the  case.  Upon  the  thoroughness  of  this  work 
will  depend,  to  a  large  extent,  the  necessity  for  a  greater  or  less  amount 
of  the  summer  work  just  described. 

We  have  now  to  consider  what  can  be  done  by  citizens  where  city 
governments  will  not  interest  themselves  in  the  matter.  It  is  unrea- 
sonable to  exi)ect  that  a  private  individual  will  invest  in  a  spraying 
apparatus  and  spray  the  large  shade  trees  in  front  of  his  grounds. 
Therefore,  in  spraying  operations  where  large  trees  exist  in  numbers 
there  must  be  combination  of  resources.  This  affords  an  opportunity 
for  the  newly  invented  business  of  spraying  at  so  much  per  tree.  A 
resident  of  Bridgeport,  Conn.,  who  was  formerly,  and  is  yet  for  the 
greater  part  of  the  year,  a  roofer  and  paver,  has  constructed  several 
cart  sprayers,  and  during  tbo  months  of  June  and  July  (at  a  time,  by 
the  way,  when  the  men  in  his  emx)loy  are  apt  to  be  out  of  work)  he 
sprays  trees  on  the  grounds  of  private  individuals  and  along  the 
streets  in  front  of  their  grounds,  under  contract,  at  so  much  per  tree, 
guaranteeing  to  keep  the  trees  in  fair  condition  during  the  season. 
His  work  has  been  directed  solely  against  the  elm  leaf  beetle,  since 
that  is  the  only  insect  of  great  importance  in  Bridgeport.  In  the 
month  of  July,  1894,  the  writer,  in  driving  through  the  streets  of 
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Bridgeport,  foand  it  easy  to  pick  oat  the  trees  which  had  been  treated 
in  this  way.  Such  elms  were -green,  while  all  others  were  broyn  and 
nearly  leafless.  The  defect  of  this  plan  as  a  general  practice  lies  in 
the  fact  that  not  all  property  owners  or  residents  can  afford  to  employ 
a  tree  sprayer,  while  others  are  unwilling,  since  they  deem  it  the  busi- 
ness of  the  city  authorities,  or  do  not  appreciate  the  value  of  tree 
shade. 

Any  effort,  therefore,  looking  toward  the  arousing  of  popular  senti- 
ment or  the  banding  together  of  the  citizeus  in  the  interests  of  good 
shade  is  desirable.  A  most  excellent  plan  was  urged  by  one  of  the 
Washington  newspapers  in  the  summer  of  1894.  It  advocated  a  tree- 
protection  league,  and  each  issue  of  the  paper  through  the  summer 
months  contained  a  coupon  which  recited  briefly  the  desirability  of 
protecting  shade  trees  against  the  ravages  of  insects,  and  enrolled  the 
signer  as  a  member  of  the  league,  pledging  him  to  do  his  best  to 
destroy  the  injurious  insects  upon  the  city  shade  trees  immediately 
adjoining  his  residence.  This  is  only  one  of  several  ways  which  might 
be  devised  to  arouse  general  interest.  The  average  city  householder 
seldom  has  more  than  a  half  dozen  street  shade  trees  in  front  of  his 
grounds,  and  it  would  be  a  matter  of  comparatively  little  expense  and 
trouble  for  any  family  to  keep  these  trees  in  fair  condition.  It  needs 
only  a  little  intelligent  work  at  the  proper  time.  It  means  the  burning 
of  the  webs  of  the  fall  web  worm  in  May  and  June;  it  means  the 
destruction  of  the  larvae  of  the  elm  leaf-beetle  about  the  bases  of  elm 
trees  in  late  June  and  July;  it  means  the  picking  off  and  destruction 
of  the  eggs  of  the  tussock  moth  and  the  bags  of  the  bagworm  in  win- 
ter, and  equally  simple  ox)erati6ns  for  other  insects  should  they  become 
especially  injurious.  What  a  man  will  do  for  the  shade  and  ornamental 
trees  in  his  own  garden  he  should  be  willing  to  do  for  the  shade  trees 
10  feet  in  front  of  his  fence. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  Agriculture, 

Bureau  op  Animal  Industry, 

Washington^  />.  C,  June  13, 1899. 
BiR:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  a  farmers'  bulletin,  the  manuscript  of  an  article  on  Hog 
Eaising  in  the  South,  prepared  by  Prof.  8.  M.  Tracy,  formerly  Director 
of  the  Mississippi  Agricultural  Experiment  Station.  The  bulletin  con- 
tains much  information  in  regard  to  the  care,  feeding,  and  breeding  of 
hogs  that  will  be  valuable  to  stock  raisers  in  the  South  and  of  interest 
to  farmers  generally. 

Very  respectfully, 

D.  E.  Salmon,  Chief. 
Hon.  James  Wilson, 

Secretary. 
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HOG  RAISING  IN  THE  SOUTH. 


mTRODUCnOH. 

In  tbe  Southern  States  more  poands  of  pork  are  used  tLan  of  all 
other  meats  combined.  In  a  large  proportion  of  the  coantry  homes 
beef  and  mutton  are  practically  unknown,  excepting  occasionally  in  the 
winter  months,  and  pork  is  almost  the  only  meat  food  used  by  the  largo 
colored  population.  In  every  country  store  salt  meat  is  as  staple  an 
article  as  is  sugar  or  colTce;  its  cost  is  an  important  item  of  expense 
to  the  majority  of  housekeepers,  and  the  demand  for  it  seems  limited 
only  by  the  ability  to  purchase.  Ten  years  ago  fully  90  per  cent  of  the 
X>ork  used  in  the  Gulf  States  was  shipped  from  the  great  packing 
houses  in  Kansas  City,  Chicago,  and  Cincinnati,  and  little  attention 
was  given  to  its  production  here,  few  farmers  growing  even  enough  for 
their  own  consumption. 

Since  1890,  however,  there  has  been  a  rapid  increase  in  the  number 
of  hogs  raised,  a  corresponding  decrease  in  the  amount  of  pork  im- 
ported, and  a  still  greater  decrease  in  the  living  expenses  of  those  who 
raise  their  own  supply.  Those  who  have  engaged  in  raising  hogs  for  the 
market  have  found  it  very  profitable  when  rightly  managed,  and  at  the 
present  time  the  business  of  raising  hogs  is  increasing  more  rapidly 
than  any  other  line  of  stock  raising  in  the  South.  Conditions — climate, 
pastures,  and  grain  feeds — are  so  dilTerent  from  those  in  the  older  hog- 
raising  sections  of  the  country  that  this  bulletin  has  been  prepared  to 
describe  some  of  the  more  economical  methods  peculiar  to  this  region, 
as  well  as  to  give  some  general  priuciples  of  breeding  and  management 
for  those  who  have  had  but  little  experience  in  the  work. 

GENEBAL  COHBITIOZrS. 

The  hog  is  often  called  the  "mortgage  lifter'*  of  the  great  com  belt 
from  Ohio  to  Kansas,  but  its  i)ower  in  this  direction  is  by  no  means 
confined  to  the  region  of  cheap  corn.  The  Southern  States  can  pro- 
duce com  almost  if  not  quite  as  cheaply  as  the  most  favored  regions  of 
Illinois  or  Missouri,  while  the  much  greater  variety  of  food  crops,  the 
more  nearly  continuous  grazing,  and  the  consequent  greater  immunity 
from  disease  give  special  advantages  for  profitable  pork  raising  which 
do  not  exist  elsewhere.    Profit  from  the  raising  of  hogs  depends  more 
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on  the  supply  of  cheaply  grown  feed  than  on  any  other  item.  Pood 
crops  which  are  inexpensive  to  grow,  which  mature  at  different  seasons, 
and  which  can  be  harvested  by  the  hogs  themselves  are  abundant  in 
all  p^rts  of  the  South;  and  there  is  no  reason  why  the  Southern  States 
should  not  be  exporters  instead  of  importers  of  meat. 

LOCATION  AND  ^WATER  SUPPLT. 

For  successful  hog  raising  almost  any  location  is  suitable  where  there 
is  a  fertile  soil  on  which  food  crops  can  be  grown  at  a  small  expense 
and  where  an  abundant  Supply  of  pure  water  can  be  secured.  A  good 
spring,  or  a  small  running  stream  which  is  not  contaminated  by  drain- 
age fnrnishes  the  best  possible  water  supply.  A  large  stream  is  un- 
desirable, as  it  makes  it  difficult  to  keep  the  hogs  fenced  in,  causes 
fre()uent  losses  by  overflows,  and  often  brings  germs  of  disease  from 
points  nearer  its  source.  The  last  objection  is  the  strongest  of  all,  as 
the  germs  of  anthrax,  cholera,  swine  plague,  and  other  contagious  dis- 
eases are  often  carried  long  distances  by  water,  and  such  a  possible 
source  of  infection  should  be  carefully  avoided.  This  sprea<ling  of 
disease  by  means  of  running  water  has  been  very  plainly  marked  in 
nearly  every  outbreak  of  cholera  in  the  hog-raising  sections  of  the 
North,  and  though  the  disease  is  comparatively  rare  in  the  South,  still 
it  occurs  occasionally,  and  its  spread  should  be  prevented  by  the  use 
of  every  available  means. 

Shallow,  stagnant  ponds,  in  which  the  hogs  are  allowed  to  wallow, 
are  equally  undesirable  and  should  never  be  tolerated.  It  is  true  that 
such  ponds  are  in  very  common  use  and  that  many  tine  hogs  are  raised 
with  no  other  water  supply;  but  it  is  also  true  that  such  pools  are  always 
disease-spreading  centers  and  are  often  responsible  for  serious  losses 
which  are  attributed  to  cholera.  No  animal  can  be  healthy  or  produce 
meat  of  the  best  quality  when  compelled  to  drink  the  putrid  offal  with 
which  such  ponds  are  always  poisoned.  Where  a  pond  is  the  only 
available  source  for  the  water  supply,  it  should  be  fenced  so  that 
neither  cattle  nor  hogs  can  reach  it,  and  the  water  should  be  drawn  off 
into  an  outside  trough  as  it  is  wanted.  It  is  a  small  matter  to  pro- 
vide for  this  when  a  dam  is  built  by  having  a  1-inch  galvanized-iron 
pipe  laid  through  the  bottom  of  the  dam.  The  end  of  the  pipe  in  the 
pond  should  be  protected  by  a  large  strainer,  and  the  outlet  provided 
with  an  automatic  float  valve  so  that  the  trough  will  always  be  kept 
full,  no  water  will  be  wasted,  and  a  fresh  supply  will  be  drawn  in  as 
fast  as  the  trough  is  emptied.  The  whole  arrangement  can  be  made  at 
an  expense  of  not  exceeding  t5,  the  value  of  a  single  half-grown  hog, 
and  wiU  often  save  many  times  its  cost  in  a  single  season. 

It  is  not  necessary  that  hogs  should  be  provided  with  a  place  for 
wallowing  in  mud,  as  they  will  seldom  wallow  except  when  sulfering 
from  heat.  A  hog  does  not  perspire  IVeely,  and  so  feels  the  effects  of  heat 
very  quickly.    When  the  only  means  for  protection  from  the  hot  sun  is 
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to  bury  himself  in  mud,  he  will  naturally  do  so.  In  the  shade  of  a 
building  he  often  misses  the  breeze,  but  in  the  shade  of  trees  he  will 
always  be  contented.  An  abundant  supply  of  water  and  protection 
from  the  hot  sun  are  both  necessary,  but  should  never  be  combined. 
With  shade  and  good  water  provided,  the  other  details  of  the  location 
are  of  minor  importance. 

BUILDINaS  AND  FEED  LOTS. 

Elaborate  and  costly  buildings  are  not  needed,  and,  in  fact,  should 
be  avoided.  In  the  South  it  is  rarely  necessary  to  protect  from  cold, 
and  all  that  is  needed  in  the  way  of  a  building  is  something  to  fhrnish 
shelter  from  rain  and  a  dry  place  in  which  the  hogs  can  eat  and  sleep. 
Ordinarily  a  shed  8  by  10  feet,  open  on  the  south  side,  is  all  that  will 
be  wanted.  This  shed  need  not  be  more  than  3  feet  high  at  the  back 
and  6  feet  at  the  front,  and  should  be  floored.  If  the  arrangement  of 
other  buildings  is  such  that  it  is  more  convenient  to  feed  from  the  south 
side,  then  that  side  should  be  closed  by  slats  sufiQcient  to  control  the 
hogs,  but  not  close  enough  to  shut  out  the  sun  and  air,  and  at  least 
one-half  of  the  north  side  should  be  left  open.  In  all  cases  the  floor 
should  be  given  a  slope  of  at  least  2  inches  to  the  side  opposite  the  feed 
trough  to  prevent  the  accumulation  of  filth.  Such  a  shelter  is  ample 
for  at  least  a  dozen  hogs,  and  when  more  are  kept  it  is  better  to  have 
additional  separate  shelters  than  to  attempt  keeping  a  larger  drove  in 
a  single  large  building.  Hogs  always  do  better  in  small  droves  than 
when  many  are  kept  in  one  inclosure.  Bough  planks  are  all  that  is 
needed  for  the  floor,  as  its  main  object  is  to  prevent  the  hogs  from 
making  a  dirt  floor  into  a  dust  bed,  which,  next  to  impure  water,  is  the 
most  prolific  cause  of  disease. 

At  the  rear  of  each  house  there  should  be  a  yard  large  enough  to 
give  ample  room  for  exercise,  and  if  there  is  a  number  of  these  yards 
they  should  be  arranged  so  that  they  can  be  thrown  together  and  the 
hogs  easily  changed  from  one  to  another  when  desired.  Whatever  may 
be  the  arrangement  of  the  yards,  they  should  be  surrounded  by  a  fence 
so  weU  made  that  it  will  ofier  no  temptation  to  the  most  knowing  ani- 
maL  A  hog  which  has  never  broken  through  a  fence  will  seldom 
attempt  to  get  out  of  his  lot  and  will  give  very  little  trouble,  but  if  he 
is  permitted  to  break  out  a  few  times  he  will  know  that  a  fresh  pasture 
and  a  change  of  feed  are  just  on  the  other  side  of  the  fence,  and  will 
soon  learn  to  go  where  he  pleases. 

BBEEBS  AJSm  BEEEDIirO. 

The  choice  among  diflferent  breeds  is  more  a  matter-of  personal  pref- 
erence on  the  part  of  the  hog  raiser  than  of  real  superiority  in  any  one 
breed  of  hogs.  Each  has  its  peculiarities,  its  excellences,  and  its 
defects,  and^  it  can  not  be  said  that  any  one  of  them  is  always  more 
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profitable  than  another.  Management  and  feed  are  more  important 
than  bretd,  and  the  choice  should  be  decided  by  the  treatment  to  be 
given. 

SELECTION  OF  A  BREED. 

The  more  common  breeds  in  this  country  are  the  Berkshires,  Poland- 
Chinas,  Chester-Whites,  and  Duroc-Jerseys,  though  Essexes,  Suffolks, 
and  a  few  others  are  occasionally  seen.  Thirty  years  ago  the  difl'er- 
ences  between  different  breeds  were  very  marked,  but  with  the  greater 
attention  which  breeders  have  given  to  the  production  of  animals  pos- 
sessing an  ideal  form  the  characteristics  of  the  different  breeds  have 
approached  each  other,  until  now  nearly  all  breeds  have  the  same  gen- 
eral form.  Value  in  a  hog  of  any  breed  is  measured  by  his  ability  to 
make  good  pork,  and  experience  has  shown  that,  ordinarily,  good  pork 
can  be  produced  more  cheaply  in  a  hog  of  a  certain  shape  than  in  one 
which  differs  from  the  type  to  any  great  extent. 

The  Perfect  Hog. — ^The  outline  of  a  perfect  hog,  when  viewed  from  any 
direction,  should  be  nearly  that  of  a  parallelogram  with  the  corners 
slightly  rounded.  His  back  and  belly,  also  his  sides,  should  be  straight 
and  parallel;  and,  when  viewed  from  front  or  rear,  his  outline  should 
be  nearly  square,  but  a  little  deeper  than  wide.  The  head  should  be 
short;  the  face  straight  or  somewhat  dished  and  wide  between  the 
eyes;  the  ears  should  not  be  too  large,  should  be  thin,  soft,  and  joined 
to  the  head  by  a  small  knuck.  A  large,  coarse  ear  usually  indicates 
a  coarse  animal  which  will  fatten  slowly.  The  jowl  should  be  full,  well 
rounded  at  the  sides,  and  making  a  straight  line  from  the  tip  of  the 
lower  jaw  to  the  point  of  the  breastbone.  The  neck  should  be  short 
(the  shorter  the  better),  but  well  rounded,  arched,  and  increasing  in 
size  from  the  head  to  the  shoulders.  The  shoulders  should  be  full  and 
square,  with  the  legs  set  well  apart  so  as  to  afford  ample  room  for  the 
lungs  and  heart,  and  the  heart  girth  just  behind  the  shoulders  should 
be  nearly  equal  to  the  girth  at  any  other  point.  The  back  should  be 
broad  and  straight,  and  should  be  slightly  arched  rather  than  swayed 
between  the  shoulders  and  hams.  The  ribs  should  be  well  sprung 
to  make  the  back  broad,  and  should  drop  nearly  straight  at  the  sides. 
The  belly  should  be  wide  and  straight,  not  flabby  nor  drawn  in  at  the 
flanks.  The  bams  should  be  as  wide  as  the  shoulders,  nearly  flat  across 
the  top,  and  drooping  but  little  to  the  root  of  the  tail;  they  should  be 
well  rounded  behind  and  come  well  down  on  the  stifle,  so  as  to  make 
the  lower  part  of  the  ham  full  and  plump.  The  legs  should  be  short, 
straight,  set  well  apart,  and  strong  enough  so  that  the  animal,  even 
when  well  grown,  will  walk  wholly  on  his  feet  and  not  upon  his  hocks 
and  dew  chiws.  The  bristles  should  be  fine,  soft,  and  sufficiently  thick 
to  bide  the  skin.  Coarse,  stiff,  erect  bristles  indicate  a  coarse  animal 
which  will  mature  late  and  unsatisfactorily,  while  if  they  are  so  few  and 
short  as  to  show  the  skin  plainly  they  indicate  a  weak  constitution  and 
consequent  liability  to  disease.    Color  has  but  little  to  do  with  the 
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Talne  of  an  aoimal,  though  there  is  a  general  preindlce  in  favor  of  black 
hogs  for  a  warm  climate.  Buyers  seldom  make  any  difterence  in  price 
on  accoant  of  color,  thoagh  there  is  usually  a  special  demand  for  a  few 
fancy  white  hogs  about  Christmas;  but  the  scalding  and  scraping 
most  be  very  caretnlly  done  or  the  skin  will  be  reddened  and  so  injure 
the  sale  in  the  local  market.  Packers  pay  no  attention  to  color.  The 
disposition  of  the  hog  should  also  be  considered.  An  animal  which  is 
always  uneasy,  which  is  continually  trying  to  escape  froni  the  lot,  and 
which  is  inclined  to  fight  and  worry  others,  is  too  nervous  to  be  a  good 
feeder;  on  the  other  hand,  a  hog  with  too  much  of  the  opposite  charac- 
ter, one  which  is  rarely  on  his  feet  except  while  eating  the  food  brought 
to  him,  will  fail  to  make  a  satisfactory  growth  on  pasture  and  will  not 
take  enough  exercise  for  health.  A  medium  between  these  extremes  is 
a  much  better  feeder  than  either. 

The  Berkshires. — The  Berkshire  is  one  of  the  oldest  breeds,  and  one  of 
the  most  popular  in  all  parts  of  the  South.  Berkshires  are  of  English 
origin,  and  were  first  brought  to  this  country  about  1830.  They  may 
be  put  in  good  condition  for  killing  before  they  are  six  months  old,  but 
will  continue  to  gain  in  weight  until  they  are  two  years  or  more  of  age. 
They  are  good  *' rustlers"  and  will  make  a  large  part  of  theur  living 
in  the  pasture,  but  respond  quickly  to  fattening  food.  They  lose  less 
in  dressing  than  do  most  others,  though  a  slightly  greater  proportion 
of  their  dressed  weight  consists  of  fat,  which  is  better  for  making  lard 
than  for  use  on  the  table.  The  sows  are  very  prolific  and  good 
mothers. 

The  Poland-Chinas. — ^The  Poland-Chinas  are  the  more  popular  breed  in 
the  com  belt  of  the  Korth,  and  are  about  as  numerous  as  the  Berk- 
shires in  the  South.  They  are  a  composite  breed  of  recent  origin  which 
seems  to  have  been  developed  naturally  by  the  conditions  existing  in 
a  region  where  c>orn  forms  almost  the  entire  food.  They  originated  in 
Ohio  from  miscellaneous  crosses  of  the  Big  China,  Irish  Grazier,  Poland, 
Bytield,  and  perhaps  other  stocks.  The  name  of  Poland-China  was 
given  about  1840  to  a  large,  coarse  black  and  white  hog  requiring  about 
two  years  to  mature,  but  growing  to  an  enormous  size,  animals  weigh- 
ing 600  to  800  pounds  not  being  uncommon.  Crossing  of  these  with 
Berkshires  gave  a  smaller,  finer,  smoother,  and  earlier-maturing  animal, 
closely  approaching  the  Berkshire  in  form  and  color  but  still  retaining 
a  great  part  of  its  power  of  continuous  growth  up  to  three  or  four 
years  of  age,  and  dressing  out  a  carcass  nearly  all  of  which  is  mer- 
chantable meat.  While  not  as  good  grazers  as  the  Berkshires,  nor  aa 
well  able  to  take  care  of  themselves  when  turned  into  the  woods,  the 
foland-Chinas  of  the  present  day  have  a  quiet  dis[>osition,  are  easily 
controlled,  grow  rapidly,  and  fatten  quickly.  They  appear  to  bear- 
close  confinement  rather  better  than  the  Berkshires,  and  so  are  often 
preferred  for  pen  raising.  Usually  the  sows  are  not  quite  so  prolific  as 
the  Berkshires,  though  some  strains  are  very  fertile  breeders. 
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The  Daroo-Jeneys. — ^Tbe  Doroc-Jerseys  are  large,  loDg-bodied,  red 
hogs,  wbich  are  good  feeders,  easily  fattened,  and  grow  very  rapidly 
when  well  fed.  They  have  come  into  prominence  daring  the  last  fif- 
teen year^  being  descendants  of  the  Jersey  Bed  and  the  Duroc  breeds, 
which  have  long  been  popular  in  Pennsylvania,  New  Jersey^  and  New 
York«  The  blending  of  the  two  has  produced  an  animal  which  is 
easily  kept  or  fattened,  is  small-boned,  vigorous,  and  prolific.  Being 
very  long-bodied,  the  proportion  of  side  meat  to  ham  and  shoulders  is 
larger  than  in  most  other  breeds,  but  many  regard  this  as  an  advan- 
tage*, and  the  breed  is  growing  in  favor  wherever  it  has  been  introduced. 

The  Chester-Whites. — These  are  undoubtedly  the  most  popular  of  the 
white  breeds.  They  take  their  name  from  Chester  Coanty,  Pa.,  where 
they  originated  by  crossing  the  native  white  hogs  with  some  large 
white  hogs  brought  from  England  about  1825.  Selection  from  the  off- 
spring of  those  crosses  has  made  a  great  improvement  on  the  form  of 
the  earlier  animals,  and  has  developed  a  hog  quite  similar  to  the  Poland- 
China  in  shape,  and  differing  from  that  breed  but  little  excepting  in 
color.  Where  any  white  hog  is  to  be  grown  this  is  the  best  for  gen- 
eral purposes. 

The  Essex. — ^This  is  a  small  black  hog,  of  English  origin,  and  is  val- 
ued more  for  its  quiet  disposition,  rapid  growth  when  young,  and  early 
maturity  than  for  its  size  or  its  ability  to  produce  a  large  amount  of 
meat  Where  there  is  a  local  demand  for  well-matured  hogs  of  small 
or  medium  size,  or  for  pigs  of  which  one  or  two  are  to  be  kept  in  a 
small  pen  and  fed  principally  on  slops  from  the  house  and  the  refuse 
from  the  garden,  the  Essex  is  a  valuable  animal,  but  is  not  generally 
];>opnlar  for  ordinary  farm  purposes,  or  for  making  large  amounts  of 
pork  under  ordinary  conditions. 

Other  Breeds. — ^The  small  Yorkshires,  Suffolks,  Victorias,  and  p^haps 
other  breeds  are  seen  occasionally,  but  probably  nine-tenths  of  the 
pure-bred  hogs  now  in  the  South  are  either  Berkshires  or  Poland- 
Chinas.  The  small  breeds — Essex,  Suffolk,  and  others — have  never 
been  popular  in  the  South,  as  they  reach  a  weight  of  200  pounds  little 
sooner  than  do  animals  of  the  larger  breeds,  while  the  latter,  if  allowed 
to  live,  will  continue  to  gain  in  weight  long  after  the  others  have  ceased 
to  grow. 

As  showing  that  there  is  practically  very  little  difference  in  the  meat- 
producing  capacities  of  different  breeds,  Professor  Henry,  of  the  Wis* 
consin  Experiment  Station,^  reports  a  test  extending  through  two  hun- 
dred and  twenty-four  days  with  a  Berkshire  boar  and  four  sows, 
together  with  a  similar  lot  of  Poland-Chinas.  The  total  gains  and  the 
amount  of  feed  required  for  each  100  pounds  of  gaui  were  as  follows: 

Poland- 
OhixiM. 


Feed  &r  100  pounds  of  gain SIS  fU 


Total  gain  of  lot 1.1«7  l,iei 

-     IforlOCiK      •      '      • 


I  Henry :  Feeds  and  Feeding,  p.  551. 
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The  PolandCliinaB  gained  1  poand  more  than  the  Berkshires  and 
ate  12  poonds  more  grain  for  each  100  ptmnds  of  gain,  but  these  difi'er- 
ences  are  so  slight  that  they  can  not  be  ascribed  to  the  difference  in 
breed,  being  more  probably  due  to  the  individualities  of  the  animals 
nsed.  Many  similar  tests  have  been  made  at  other  experiment  stations, 
bat  with  no  uniformity  in  resnltB  either  in  actual  gains  or  in  the 
amounts  of  feed  required;  hence  it  is  safe  to  conclude  tliat  differences 
in  breeds  are  more  in  form,  disposition,  and  habits  than  in  food  require- 
ments. 

PURE-BLOODS.  CROSSES,  AND  GRADES. 

Whether  it  is  most  profitable  to  raise  pure-bloods,  crosses,  or  grades 
is  a  matter  which  is  much  discussed,  but  which  can  not  be  definitely 
settled  in  favor  of  either  class  for  aU  cases. 

Pure-bloodB. — In  general,  good  pure-blood  unimals  of  any  preferred 
breed  will  be  found  more  profitable  than  either  crosses  or  grades,  though 
a  poor  specimen  of  a  pure-blood  animal  is  no  better  than  any  other  poor 
animal.  The  fact  that  an  animal  has  a  long  pedigree  and  is  registered 
in  a  herdbook  does  not  in  itself  make  the  animal  desirable  as  a  breeder 
or  profitable  as  a  feeder.  A  desirable  breeding  animal  must  not  only 
have  the  prepotency  developed  by  generations  of  breeding  to  a  certain 
definite  standard,  but  must  also  have  the  form  and  characters  of  that 
standard  in  a  sufficient  degree  so  that  it  is  itself  a  good  specimen  of  the 
breed.  Hogs  are  used  for  nothing  except  for  the  making  of  pork.  The 
pure- bloods  have  been  bred  for  many  generations  for  that  sole  purpose. 
The  best  animals — those  which  had  the  ability  to  make  a  pound  of  meat 
from  the  least  food  in  the  shortest  time — in  each  generation  have  been 
selected  as  breeders,  while  inferior  ones  have  been  rejected.  In  this  way 
the  natural  tendency  of  the  pureblood  animals  of  to-day  has  become 
so  fixed  by  generations  of  selection  that  they  make  a  rapid  growth  from 
a  small  amount  of  food.  The  '^  scrub,"  on  the  other  hand,  has  been  bred 
for  the  development  of  an  animal  which  would,  to  a  large  extent,  care 
for  itself,  while  quick  growth,  good  form,  and  easy  fattening  have  been 
neglected,  and  the  animal  is  to-day  but  little  different  from  his  wild 
ancestor.  It  has  been  literally  "  root,  hog,  or  die,"  and  the  rooting  form 
has  been  developed  at  the  exx)ense  of  the  hams  and  side  meat.  When 
given  an  equal  amount  of  food,  the  pure-blood  will  weigh  fally  twice  as 
much  as  the  native  bog  at  six  months  or  more,  and  when  slaughtered 
will  lose  only  20  to  25  per  cent  of  its  live  weight,  while  the  native  will 
not  ordinarily  dress  more  than  two-thirds  of  its  live  weight.  As  the 
pure-blood  will  make  more  meat  from  the  same  amount  of  food  and  in 
less  time  than  the  scrub,  it  is  the  better  animal. 

Grosses. — It  is  a  very  prevalent  idea  that  crosses  make  better  animals 
than  pure-bloods.  It  is  argued  that  as  Berkshires  and  Poland-Chinas 
are  each  good,  a  cross  will  possess  the  spef*ial  good  qualities  of  both, 
and  so  will  be  better  than  either.  The  crossing  of  two  pure-blood  ani- 
mals of  different  breeds  often  gives  pigs  which  ari^  fine  ani^nals,  have 
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good  forms,  and  will  mature  ^nickly  and  satisfactorily.  When  a  litter 
of  pigs  is  to  be  raised  exclusively  for  slaughter,  sucli  crossing  is  not 
objectionable,  and  many  careful  hog  raisers  think  it  the  better  practice; 
but  the  pigs  from  such  crosses,  however  good  they  may  be,  are  of  little 
value  as  breeders.  The  pure-blood  ancestors  on  both  sides  have  been 
developed  toward  certain  definite  but  different  ideals.  In  the  first 
cross  there  seems  to  be  a  blending  of  the  two  types,  and  the  results  are 
often  very  satisfactory,  but  the  offspring  of  these  crosses  are  almost 
sure  to  show  all  the  weaknesses  and  defects  of  both  lines  of  ancestors 
as  well  as  many  of  their  own.  Breeding  from  crosses,  even  though  the 
individual  animals  may  be  of  good  quality,  is  rarely  satisfactory  or 
profitable. 

Grades. — Good  grades  are  much  more  reliable  breeders  than  are 
crosses  and  are  to  be  preferred.  The  native  stock  has  the  vigor  of 
constitution,  which  is  always  necessary,  and  has  no  inherited  pre- 
potency to  develop  in  any  certain  direction.  When  mated  with  a  pure- 
blood,  the  result  is  usually  an  animal  with  the  vigor  of  the  native 
ancestor  and  the  characteristics  of  the  pure-blood  parent  shown  in  its 
better  form  and  fattening  qualities.  Succeeding  crosses  in  the  same 
direction  strengthen  this  tendency  toward  improvement.  The  great 
objection  to  "grading  up'^  in  this  way  is  the  fact  that,  no  matter  how 
fine  specimens  the  animals  may  be,  they  can  never  be  sold  as  pure- 
bloods,  and  an  animal  which  is  a  grade  will  never  sell  for  breeding  at  as 
high  a  price  as  wiU  one  which  is  of  pure  blood  and  entitled  to  registra- 
tion. The  man  who  intends  to  follow  hog  raising  as  a  business,  even  if 
he  does  not  keep  more  than  a  dozen  animals,  will  find  it  both  profitable 
and  economical  to  buy  a  pair  of  pure-bloods,  and  then  make  his  entire 
drove  pure-bloods  as  soon  as  ho  can  raise  enough  desirable  animals. 
By  buying  a  young  boar  and  a  sow  already  in  pig  by  a  boar  not  related 
to  the  one  purchased,  the  boar  can  be  used  on  the  offspring  of  the  pure- 
blood  sow  as  well  as  upon  the  grades  or  natives  in  the  herd,  and  in  this 
way  the  pure-bloods  can  be  increased  so  rapidly  that  there  will  soon  be 
no  need  to  keep  the  grades.  The  hog  raiser  should  certainly  use  a 
pure-blood  boar,  and  it  will  usually  pay  to  buy  a  new  one  each  year,  so 
that  inbreeding  may  be  avoided.  Pure-blood  hogs  are  not  necessarily 
expensive.  They  pay  best  in  the  end,  and  so  are  more  profitable  than 
either  crosses  or  grades.  Good  animals,  though  not  the  best,  of  any  of 
the  standard  breeds  can  be  purchased  for  from  85  to  910  each  when 
weaned,  while  young  sows  in  pig  can  be  bought  for  from  $10  to  $20. 
Of  course  older  animals  which  show  specially  fine  qualities  will  cost 
more,  and  their  better  qualities  will  often  make  them  the  more  profit- 
able in  the  end.  Breeders  who  have  established  reputations  as  pro- 
ducers of  exceptionally  flue  animals  usually  receive  much  higher  prices 
than  those  named  above,  but  often  a  man  who  raises  hogs  for  produo- 
tiou  of  pjrk  only,  and  who  does  not  care  for  a  reputation  as  a  breederi 
will  sell  good  breeding  animals  for  little  more  than  their  pork  value. 
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THB  BOAR  AlTD  HIS  ZRBATMBNT. 

Ho^  intended  for  breeding  sbonld  be  selected  from  the  very  best  in 
the  drove.  No  one  can  afford  to  nuse  pigs  from  animals  which  refuse 
to  fatten,  which  are  frequently  '*off  their  feed,^  or  which  have  in  any 
way  shown  anything  but  the  most  vigorous  health.  The  breeders 
should  be  the  squarest  built  and  best  shaped  animals  in  the  lot.  They 
should  be  hearty  eaters,  and  should  show  a  tendency  to  lay  on  fat 
rapidly. 

Blood  tells  in  hogs  as  well  as  in  horses,  and  to  save  a  sow  for  a 
breeder  simply  because  she  is  not  fat  enough  to  kill  when  the  others  in 
the  same  lot  are  ready  for  market  is  one  of  the  surest  ways  to  secure 
inferior  pigs. 

It  is  usually  bettor  to  buy  a  boar  than  to  use  one  which  has  been 
raised  on  the  place  and  is  related  to  the  sows  which  are  to  be  bred,  as 
the  introduction  of  fresh  blood  will  give  larger  litters  and  more  vigor- 
ous pigs  than  can  be  expected  from  any  elose  inbreeding.  This  is  one 
of  the  principal  reasons  why  the  first  crosses  between  different  breeds 
are  usually  so  satisfactory,  and  the  offspring  of  such  crosses,  wh^i 
bred  among  themselves,  arc  so  unsatisfactory.  The  breeding  sows  can 
usually  be  selected  from  those  in  the  drove,  but  a  new  boar  should  be 
purchased  as  often  as  the  sows  have  pas-sed  their  prime  and  are  replaced 
by  the  offspring  of  the  old  boar.  If  hogs  are  grown  for  the  market 
only,  it  is  not  necessary  to  pay  a  fancy  price  for  a  fancy  animal  whick 
has  every  bristle  of  just  the  right  ^olor  and  pointing  in  exactly  the 
right  direction.  The  man  who  is  raising  hogs  to  be  sold  as  pure-bred 
breeding  animals  can  not  be  too  careful  to  purchase  only  such  as  come 
nearest  the  ideal  shape,  color,  and  style  typical  of  the  breed  he  is  using; 
but  for  the  man  who  is  raising  pork  and  who  does  not  expect  to  sell 
fancy  breeding  animals,  slight  variations  in  color,  shape  and  position 
of  ears,  and  length  of  tail  are  of  little  importance.  What  tbe  pork 
raiser  should  require  in  his  boar  is  good  form  and  size  without  coarse- 
ness, good  feeding  capacity,  and  a  strong  constitution.  A  short  neck 
and  short  legs  usually  indicate  good  fattening  qualities,  and  so  are 
important  requisites;  they  are  even  DQU)re  important  in  the  boar  than 
in  the  sow.  The  boar  should  be  small-boned  for  his  size,  but  it  is  all 
important  that  his  frame  should  have  sufficient  strength  to  carry  him 
well  on  his  feet 

Among  the  points  to  be  avoided  in  choosing  a  boar  are  a  long  head, 
neck,  and  legs^  as  such  a  form  indicates  an  animal  which  will  require 
a  large  amount  of  feed  to  produce  a  pound  of  meat,  and  one  which  can 
not  be  finished  off  for  market  until  he  has  reached  considerable  age. 
Walking  partially  on  the  dew  claws  shows  weakness  of  frame,  and  indi- 
cates a  poor  grazer  and  an  animal  which  will  break  down  before  he 
reaches  a  heavy  weight.  In  a  young  boar  the  shoulders  should  not  be 
broader  than  the  haras.  The  back  should  not  be  swayed,  nor  too 
strongly  arched,  though  a  back  which  is  moderately  arched  is  much 
less  objectionable  than  one  which  is  swayed. 
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In  breeding  for  pork  the  boar  need  not  have  all  the  finer  markings 
of  liis  breed.  Color  of  hair  on  the  hog  makes  no  difference  with  the 
quality  of  the  i>orky  bat  he  should  have  a  good  form,  and  should  be 
deccndcd  from  animals  having  good  forms.  A  poor  specimen  of  a  pure- 
blood  animal  is  little  better  than  a  scrub,  and  should  not  be  used  simply 
because  he  has  a  long  pedigree.  Pedigree  is  good  because  it  gives 
prei)otency,  but  form  and  vigor  are  better  because  they  give  pork. 
Good  shape  is  absolutely  necessary  in  a  good  boar,  and  if  he  has  a 
good  pedigree  also  he  is  a  much  better  animal. 

Nearly  all  breeders  of  fancy  stock  have  numerous  boar  pigs  which 
are  not  quite  up  to  the  standard  in  some  unimportant  particulars,  and 
80  can  not  be  sold  as  strictly  first-class  animals.  The  defects  may  be 
nothing  more  than  a  slight  variation  in  color,  swirls  in  the  bristles,  or 
a  missing  tail;  but  with  even  such  defects  the  animals  would  stand  a 
X)oor  chance  in  the  show  ring,  and  breeders  are  often  glad  to  sell  them 
for  little  more  than  their  value  for  pork.  Such  animals  are  just  as  good 
as  anywhere  pork  and  not  show  is  wanted,  and  will  insure  much  better 
pigs  than  can  be  expected  firom  an  equally  well-formed  grade  or  an 
inferior  pure-blood. 

The  man  who  is  raising  hogs  to  be  sold  for  breeders  can  not  be  too 
careful  to  use  only  such  as  come  nearest  the  ideal  for  the  breed;  hence, 
from  his  point  of  view,  defect  in  color,  swirls,  or  a  missing  tail  would 
be  a  serious  blemish  to  the  animal.  The  breeder  of  breeding  animals 
can  well  afford  to  pay  a  relatively  high  price  for  an  animal  which  is 
free  from  these  minor  defects,  as  his  sales  will  depend  largely  on  the 
general  appearance  of  his  herd,  while  the  hogs  of  the  pork  raiser  are 
sold  by  the  scales. 

Boars  should  not  be  purchased  until  they  are  four  or  five  months 
old,  as  they  do  not  show  their  form  fully  before  that  time.  They  cost 
less  at  weaning  time,  but  their  purchase  at  that  time  is  a  lottery,  as  a 
promising  pig  often  develops  into  an  inferior  and  poorly  shaped  animaL 
It  is  not  safe  to  delay  the  purchase  until  the  boar  is  wanted  for  service, 
as  others  will  be  wanting  him  at  the  same  time,  and  there  may  be  delay 
in  finding  a  desirable  anhual.  The  service  is  more  sure  and  the  boar 
can  be  handled  with  much  less  trouble  if  he  has  been  on  the  place  for 
^  few  weeks  before  he  is  needed  for  use.  He  should  have  time  to 
become  accustomed  to  his  new  quarters  before  he  goes  to  service. 

The  boar  should  never  be  allowed  to  run  with  the  sows,  as  he  will  be 
a  continual  worry  both  to  them  and  to  his  owner,  and  it  is  much  better 
to  keep  him  in  a  lot  where  he  can  neither  see  nor  hear  other  hogs.  He 
should  be  kept  as  quiet  as  possible,  and  his  food  should  be  such  as  will 
give  him  strength  and  vitality,  but  not  too  fattening.  He  will  do  bet- 
ter service  when  he  has  sufiSciont  grazing  to  give  him  exercise  and  only 
sufiQcient  grain  food  to  keep  him  in  good  condition  without  becoming 
60  fat  as  to  be  heavy  and  unwieldy. 
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THE  BRBSDINa  BOT77  AND  HER  MANAQEMSNT. 

The  80 VB  for  ibreedtng  ^ean  iiHiiaJly  be  selected  from  the  drove.  As 
^like  produces  like,'*  they  i^ionld  alwajrs  be  selected  from  large  litters 
from  sows  which  are  good  milkers  and  good  motbers.  The  gilts  selected 
shodld  be  good  feeders  and  have  the  prospect  of  becoming  good  milk- 
ers. A  sow  which  ^  not  a  good  feeder  will  produce  only  small  litters, 
will  be  a  poor  milker,  and  her  pigs  will  never  make  the  quick  and  even 
growth  necessary  ior  good  profits.  It  is  impossible  to  judge  accurately 
of  the  milking  qualities  in  a  gilt,  but  usually  a  chunky,  easily  fattened, 
heavy-boned,  and  sh(»>t-legged  k>w  is  not  as  good  a  milk^  as  is  the 
less  attractive4ooking  one  with  a  longer  body,  longer  legs,  and  some- 
what less  rounded  sides.  Form  should  not  be  wholly  sacrificed  to  the 
production  of  large  litters  and  abundant  milk,  but  good  milking  capac- 
ity is  essential  to  a  good  sow.  If  the  pigs  are  not  able  to  get  all  the 
milk  they  need  during  the  first  six  weeks  of  their  lives,  they  become 
stunted  in  a  way  from  which  they  nev«  frilly  recover,  and  many  pigs 
which  die  b^ore  they  learn  to  eat  solid  food  die  of  starvation.  A  sow 
which  is  a  good  milker  is  usually  a  prolific  and  careful  mother  also. 

Many  defects  of  form  in  the  breeding  sow  may,  to  a  great  extent,  be 
corrected  in  her  ofifepring  by  mating  her  witi^  a  boar  which  is  unusually 
strong  where  she  is  weak.  If  the  sow  is  too  long-headed,  long-necked, 
and  long-bodied,  she  should  be  mated  with  a  boar  having  the  opposite 
characteristics;  if  the  sow  has  weak  legs  and  her  dew  claws  touch  the 
ground  the  boar  should  have  unusually  strong  and  straight  legs;  if  the 
sow  is  sway-backed  the  boar  should  have  his  back  well  arched.  On 
the  other  hand,  a  boar  which  has  weak  points  can  often  be  used  with 
success  on  a  sow  which  is  unusually  strong  where  the  boar  is  defective, 
though  a  weakness  in  the  boar  is  not  counterbalanced  as  readily  as  one 
in  the  sow,  on  account  of  his  greater  prepotency.  A  boar  and  sow 
having  the  same  defects  should  never  be  mated,  as  similar  defects  are 
almost  certain  to  be  greatly  exaggerated  in  the  pigs. 

It  should  be  remembered  that  the  boar  gives  half  the  blood  to  the 
whole  herd,  while  the  sow  can  influence  only  her  own  litter.  For  this 
reason  it  is  highly  important  that,  whatever  the  sows  may  be,  the  boar 
should  be  one  which  wiU  give  vigorous  pigs  of  good  form.  As  nearly 
all  the  breeding  sows  in  the  drove  at  any  one  time  will  be  the  oflFspiing 
of  a  single  boar,  and  so  will  have  a  strong  resemblance  to  each  other, 
it  win  not  be  difficult  to  select  a  new  boar  which  wiU  be  a  fairly  good 
mate  for  alL 

Age  at  Which  to  Breed. — ^No  uniform  rule  exists  in  regard  to  the  age 
at  which  a  sow  should  be  bred  the  first  time,  as  more  depends  on  the 
maturity  of  the  animal  than  on  the  number  of  months  it  has  lived.  In 
the  South  it  is  usually  more  profitable  to  raise  two  litters  yearly,  hav- 
ing them  come  about  April  and  October.  Where  this  is  practiced,  sows 
raiised  on  the  plaf*e  must  be  bred  when  they  are  either  8  or  14  months  of 
age,  and  the  y4Hiu^er  age  is  usually  the  better.    A  pig  which  has  been 
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properly  cared  for  will  weigh  over  200  pounds  at  that  age,  and  is  suffi- 
ciently matured  to  produce  a  fair  number  of  vigorous  pigs.  If  not 
bred  until  14  months  old  she  may  have  one  or  two  more  pigs  in  her 
first  litter,  but  even  that  is  uncertain,  and  during  her  six  months  of 
waiting  she  will  have  earned  nothing.  A  sow  which  has  her  second 
litter  at  18  months  will  usually  have  more  pigs  thap  one  which  farrows 
then  for  the  first  time,  and  during  the  previous  six  months  will  have 
raised  a  number  of  pigs,  which  will  be  worth  much  more  than  the  cost 
of  her  keep. 

Tonng  Sows  and  Old. — The  number  of  litters  which  a  sow  should  be 
allowed  to  have  before  she  is  fattened  for  butchering  depends  on  the 
animal  herself.  When  a  young  sow  has  only  four  or  five  pigs,  or  shows 
herself  to  be  a  poor  milker  or  a  careless  and  indififerent  mother,  the 
sooner  She  is  fattened  the  better;  but  if  she  does  fairly  well  she  should 
be  given  a  second  trial.  The  second  litter  is  usually  larger  than  the 
first.  If  she  then  proves  a  good  mother  and  her  pigs  from  both  litters 
develop  into  good  porkers,  she  should  be  kept  as  a  breeder  until  she 
can  be  replaced  by  a  more  prolific  and  better  animal.  An  old  sow 
which  regularly  raises  large  litters  of  good  pigs  is  worth  half  a  dozen 
untried  gilts.  An  aged  sow  mated  with  a  young  boar  will  produce  pigs 
which  will  mature  earlier  than  those  produced  when  the  sow  is  young 
and  the  boar  aged,  which  is  a  strong  argument  in  favor  of  keeping  a  sow 
as  long  as  she  continues  to  breed  satisfactorily.  Ordinarily  sows  cease 
to  be  profitable  breeders  after  they  are  4  or  5  years  old,  but  some  raise 
good  litters  after  they  reach  8  or  9  years.  When  a  sow  more  than  4 
years  old  fails  to  give  a  good  litter  whenever  it  is  due,  she  may  as  well 
be  fattened  at  once. 

One  Litter  or  Two. — Whether  it  will  be  better  to  have  one  litter  or 
two  each  year  is  a  matter  which  each  hog  raiser  must  decide  according 
to  his  own  conveniences.  When  comfortable  shelter  is  provided  and 
good  winter  pastures  can  be  secured,  October  pigs  are  usually  as  profit- 
able as  those  which  are  farrowed  in  the  spring.  By  the  time  they  are 
ready  to  wean,  oats  and  vetch  should  be  in  good  condition  for  grazing, 
and  the  young  pigs  will  soon  begin  to  eat  artichokes  so  they  need  not 
be  confined  to  dry  feed.  By  spring  they  will  be  large  enough  to  kiU 
for  a  local  market,  or  they  can  be  kept  growing  through  the  summer 
with  very  little  expense.  By  December  they  should  weigh  at  least  300 
pounds  each,  and  be  ready  for  market.  In  every  town  there  are  butch- 
ers who  are  always  watching  for  opportunities  to  buy  pigs  weighing 
from  100  to  200  pounds  for  the  local  trade,  and  October  pigs  will  often 
bring  high  prices  for  meeting  that  demand. 

March  or  April  pigs  come  at  a  season  when  they  need  little  care,  and 
can  be  carried  through  the  summer  at  a  very  small  cost.  By  Decem- 
ber, if  they  have  been  well  fed,  they  will  weigh  from  250  to  300  pounds 
each,  and  at  eight  months  will  be  fully  as  profitable  as  the  heavier 
October  pigs,  which  have  been  kept  fourteen  months. 

When  only  one  litter  is  raised  yearly  it  should  come  as  early  as 
h,  and  often  February  is  the  better  month. 
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CARE  OF  BRSEOINa  SOWS  AND  PIGS. 

During  the  four  months  the  sow  is  carrjdng  her  pigs  she  needs  good 
care,  as  she  not  only  requires  support  for  herself^  but  must  have  such 
an  abundance  of  nourishing  food  as  will  enable  her  to  produce  healthy 
and  well-developed  pigs.  During  the  first  two  months  no  change  need 
be  made  in  her  usual  food,  and  she  can  be  loft  with  the  rest  of  the 
drove  without  danger,  but  as  her  time  for  farrowing  approaches  she 
should  have  somewhat  different  treatment.  She  should  be  kept  in  a 
separate  lot  from  the  fattening  animals,  as  she  will  need  different  feed, 
though  several  pregnant  sows  can  be  kept  in  a  lot  together  without 
danger.  From  this  time  onward  her  food  should  be  such  as  will  pro- 
duce bone  and  muscle  rather  than  fat,  but  she  should  never  be  allowed 
to  become  thin  in  flesh.  Bran,  shorts,  shipstufT,  ground  oats,  and  pease 
should  constitute  the  principal  part  of  the  grain  feed,  and  but  little 
corn  should  be  used.  Fresh  green  feed  is  especially  needed  at  this 
time,  and  if  grazing  is  not  convenient,  green  feed  should  be  cut  and 
fed  liberally. 

A  week  or  ten  days  before  farrowing  she  should  be  put  in  a  pen  by 
herself  so  that  she  will  have  time  to  become  accustomed  to  her  new 
quarters  before  the  pigs  appear.  The  farrowing  pen  need  not  be  large, 
10  feet  square  is  ample,  but  it  should  be  where  she  will  not  be  disturbed 
by  other  animals.  The  pen  should  have  a  floor,  and  running  around 
the  sides  a  12-inch  plank  should  be  fastened  6  or  S  inches  above  the  floor 
to  afford  the  pigs  a  safe  place  where  the  sow  cannot  crush  or  smother 
them.  It  takes  the  pigs  only  a  day  or  two  to  learn  the  value  of  this 
protection,  and  it  will  often  save  much  more  than  its  cost.  Little  or  no 
bedding  should  be  used.  The  feed  at  this  time  should  be  strengthening 
but  not  heating,  and  if  any  indication  of  costiveness  appear  she  should 
have  a  good  feed  of  wheat  bran.  A  constant  supply  of  salt  and  ashes 
is  specially  needed  at  this  time  to  satisfy  the  craving  for  such  food 
which  often  makes  sows  eat  their  young.  Eating  her  young  pigs  is  an 
unnatural  act  on  the  part  of  the  sow,  and  is  almost  invariably  the  fiiult 
of  the  feeder  in  not  giving  her  the  food  needed  to  satisfy  a  natural 
appetite. 

When  the  sow  is  about  to  farrow,  from  one  hundred  and  twelve  to  one 
hundred  and  sixteen  days  from  the  date  of  service,  she  should  be  given 
only  light  feeding,  but  should  have  all  the  water  she  wants.  If  she  has 
had  proper  feed  and  treatment  she  will  rarely  need  assistance  in  far- 
rowing, but  the  owner  should  be  at  hand,  watch  her  closely,  and  be 
ready  to  give  help  if  needed.  If  it  is  very  cold  the  pigs  should  be 
taken  away  as  fast  as  they  are  born  and  put  in  a  warm  basket,  but 
should  be  returned  to  the  sow  as  soon  as  she  is  through.  It  is  true  that 
many  sows  which  run  in  the  woods  and  are  never  looked  after  before 
farrowing  will  make  nests  in  fence  corners  or  behind  logs  and  come 
up  with  fine  litters  of  thrifty  pigs,  but  it  is  also  true  that  a  still  larger 
number  of  those  which  run  at  large  crush  or  smother  many  of  their 
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yoacg  and  lose  others  from  Tudons  aocidesits  which  might  easfly  be 
prevented.  If  young  pigs  are  worth  breeding  they  are  worth  canng 
for,  and  when  the  fiEurowing  is  properly  looked  aft^  the  losses  wiU  be 
very  smalL 

After  farrowing  the  sow  should  be  given  nothing  but  water  or  a  little 
thin  slop  during  the  first  twenty-four  hours,  and  should  be  fed  only 
lightly  for  several  days.  After  the  end  of  the  first  week  her  food  should 
be  increased  as  rapidly  as  is  safe,  and  should  consist  of  shorts,  oats, 
and  similar  foods  which  will  stimulate  a  fiow  of  milk.  The  feeding  of 
the  sow  during  the  first  month  after  farrowing  is  of  more  importance 
than  at  any  other  time,  as  the  vigor  of  the  pigs  depends  on  the  amount 
of  milk  they  receive  from  their  dam.  If  the  supply  is  too  small,  they 
are  stunted  so  that  they  can  never  make  the  most  profitable  feeders, 
while  if  the  supply  of  milk  is  too  large,  the  pigs  are  almost  sure  to 
become  afFected  with  scours  and  receive  a  setback  from  which  they  are 
slow  in  recovering.  It  needs  close  watching  and  good  judgment  to  give 
the  sow  just  the  right  amount  of  food  to  keep  both  her  and  her  pigs  in 
the  best  condition.  The  amount  of  grain  should  be  increased  with  the 
growth  of  the  pigs,  and  green  feed  should  be  given  liberally.  A  good 
start  is  necessary  to  the  most  rapid  growth  of  the  pig,  and  as  the  young 
pig  must  make  its  entire  growth  on  food  received  through  the  mother 
it  is  poor  economy  to  save  feed  on  the  sow  at  the  expense  of  the  future 
of  her  entire  litter.  After  the  first  week  there  is  less  danger  that  the 
sow  will  be  fed  too  much  than  that  she  will  not  be  fed  enough.  If  she 
should  be  overfed  and  the  pigs  show  any  indication  of  scouring,  she 
should  have  less  feed  and  be  given  strong  lime  water  to  drink.  If  the 
pigs  are  old  enough  to  drink,  they  should  be  given  scalded  milk  in 
which  a  little  wheat  flour  has  been  mixed,  and  an  egg  stirred  in  with 
the  milk  for  each  two  pigs  will  be  beneficial.  If  the  pigs  are  too  young 
to  drink  they  should  be  given  four  or  five  drops  of  paregoric. 

RAisiNa  THS  piaa 

The  pigs  will  begin  to  eat  when  they  are  about  three  weeks  old,  and 
the  more  they  can  be  induced  to  eat  the  more  rapid  will  be  their 
growth.  A  feeding  place  should  be  provided  for  them  adjoining  the 
pen  in  which  the  sow  is  kept,  and  so  arranged  that  the  pigs  can  go  in 
and  out  at  will  without  being  disturbed  by  the  sow.  A  few  grains  of 
soaked  com  scattered  over  the  floor  will  soon  get  the  pigs  in  the  habit 
of  eating  and  they  should  be  encouraged  to  eat  as  much  as  possible. 
As  dry  com  will  hurt  the  teeth  and  make  the  mouth  sore,  shorts  or 
oats  should  be  given  in  the  place  of  soaked  com  as  soon  as  the  pigs 
learn  to  eat  fairly  well.  When  the  pigs  begin  to  drink  they  should  be 
given  all  the  skim  milk  they  want  if  it  can  be  had,  and  if  Jt  is  not 
available  they  should  have  a  thin  slop  made  of  water  and  shorts. 
Com  meal  is  too  fattening  and  is  poor  feed  for  young  pigs. 

By  the  time  ttie  litter  is  three  weeks  old  both  the  how  and  pigs  should 
have  the  run  of  a  lot  where  they  can  get  sunshine,  exercif^.  and  fresh 
Kiazing,  though  the  pigs  should  still  have  the  feeding  place  wh4«r<>  the 
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BOW  can  not  come  and  should  be  fed  regularly  with  all  they  will  eat  of 
food  which  will  give  them  bone  and  muscle  but  will  not  be  too  fatten- 
ing. Shorts,  ground  oats,  and  pease  are  the  best  grain  feeds,  and  skim 
milk  is  worth  more  to  a  pig  during  the  months  before  and  after  wean- 
ing than  at  any  other  time.  Corn  and  rice  are  of  little  value  for  mak- 
ing growth.  Bran  is  so  harsh  that  it  often  causes  irritation  of  the 
bowels,  and  is  not  a  safe  feed  for  a  pig  under  three  months  old^  Good 
grazing  will  make  the  larger  part  of  the  growth,  but  the  pigs  need  grain 
feed  also  to  make  them  do  their  best. 

With  such  grazing  as  will  be  afforded  by  oats,  vetch,  and  artichokes 
during  the  winter,  and  by  alfalfa,  clover,  melilotus,  and  other  crops  in 
the  spring,  together  with  skim  milk  and  such  grain  feed  as  has  been 
named,  the  pigs  will  be  well  able  to  feed  themselves  by  the  time  they  are 
eight  weeks  old,  and  neither  they  nor  the  sow  will  hardly  know  when  they 
are  weaned.  Pigs  which  have  never  been  encouraged  to  eat,  and  are 
largely  dependent  on  their  mother's  milk  for  food  often  receive  a  severe 
check  when  they  are  weaned  suddenly,  and  every  day  in  which  a  pig 
does  not  grow  adds  that  much  to  the  expense  of  raising  him.  By  giving 
the  pigs  all  the  solid  food  they  will  eat  while  still  sucking  they  become 
accustomed  to  it  gradually,  and  when  the  time  comes  to  separate  them 
from  the  sow  at  about  the  end  of  the  eighth  week  they  are  so  well  pre- 
pared that  they  scarcely  notice  the  change. 

If  the  sow  has  been  well  fed  while  suckling  the  pigs  she  will  have 
made  a  fair  gain  in  weight  during  the  last  month,  and  after  the  pigs 
are  weaned  she  should  be  given  more  fattening  food  to  prepare  her  for 
raising  another  litter,  or  as  the  beginning  of  her  fattening  for  market. 
When  a  sow  has  an  abundance  of  good  grazing,  and  not  more  than  half 
her  grain  feed  is  corn,  she  will  not  become  too  fat  for  breeding.  In 
fact  a  sow  is  rarely  too  fat  for  breeding,  although  there  is  a  common 
prejudice  to  the  contrary.  So  long  as  she  continues  in  good  health 
and  is  making  a  fair  growth  her  fatness  will  not  make  her  less  prolific, 
and  she  will  usually  produce  larger  litters  and  stronger  pigs  than  when 
thin.  This  is  especially  true  of  young  sows,  and  with  such  feed  as  has 
been  recommended  no  sow  will  become  too  fat  before  weaning  her  secoud 
littcF*  The  sow  will  usually  come  in  heat  in  from  one  to  two  weeks 
after  her  pigs  are  weaned,  and,  if  she  is  to  be  bred  again,  should  be 
served  at  the  first  opportunity. 

The  pigs  should  be  pushed  as  rapidly  as  possible  after  weaning,  for 
the  sooner  they  can  be  made  to  weigh  200  pounds  each  the  more  profit- 
able they  will  be.  Good  pastures  and  good  water  are  necessary  for 
health  and  making  a  satisfactory  growth,  but  in  addition  to  these  the 
pigs  should  have  a  liberal  supply  of  bone  and  muscle-making  food. 
Shorts,  ground  pease,  peanuts,  and  other  feeds  rich  in  protein,  together 
with  skim  milk  when  possible,  are  the  best  feeds  for  growth,  and  an 
exclusive  corn  diet  is  the  poorest.  Pigs  will  fatten  rapidly  when  fed 
on  corn  alone,  but  the  fattening  will  be  at  the  expense  of  health  and 
growth,  and  there  will  be  many  deaths  from  apoplexy  before  the  pigs 
are  six  months  old. 
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CASTRATINa  AND  SPATINa. 

Young  boars  not  wanted  for  breeding  shoald  be  castrated  as  early  as 
is  convenient.  This  may  be  done  at  any  time  after  the  pigs  are  a  month 
old,  and  if  done  at  from  four  to  six  weeks  they  will  have  fully  recovered 
before  they  are  weaned.  If  not  done  then  it  is  better  to  wait  until  a 
mouth  after  weaning,  so  that  they  will  have  become  thoroughly  accus- 
tomed to  eating  solid  food. 

Spaying  young  sows  is  no  more  difficult  or  dangerous  than  castrat- 
ing young  boars,  and  should  be  more  generally  practiced.  It  can  be 
done  best  when  they  are  between  3  and  4  months  of  age,  and,  as  the 
young  sows  are  liable  to  get  with  pig  at  any  time  after  they  are  4 
months  old,  the  spaying  should  not  be  delayed  too  long.  By  the  time 
the  pigs  weigh  from  75  to  100  pounds  each  they  will  be  developed  suffi- 
ciently to  show  which  should  be  kept  for  breeding  animals,  and  the 
sooner  the  others  are  spayed  the  better.  Spayed  animals  are  always 
more  quiet  and  better  feeders  than  open  sows,  make  better  pork,  and  sell 
for  better  prices.  A  spayed  sow  weighing  200  pounds  will  dress  from  10 
to  20  pounds  heavier  than  an  open  sow  of  the  same  live  weight;  she 
will  have  heavier  leaf  and  inside  lard,  and  there  will  be  no  danger  of 
loss  from  finding  her  in  pig.  Packers  and  butchers  will  always  pay 
top  prices  for  spayed  sows,  because  such  animals  are  sure  to  be  as  good 
as  they  look,  while  they  will  often  refuse  to  purchase  open  sows  at  any 
price,  or  will  take  them  only  with  a  heavy  allowance  for  shrinkage. 

FOODS  AND  FEEDma. 

The  economical  and  profitable  production  of  pork  requires  that  the 
feed  should  be  palatable,  nutritious,  and  inexpensive.  No  one  kind  of 
feed  can  be  used  exclusively  with  profit  for  feeding  pigs,  breeding  ani- 
mals, and  fattening  hogs,  and  no  one  feed  will  continue  to  be  as  palata- 
ble as  a  variety  of  feeds.  It  should  be  the  object  of  every  hog  raiser 
to  induce  his  animals  to  eat  as  much  as  possible,  and  the  greater  the 
variety  the  greater  will  be  the  amount  of  feed  consumed.  The  cheapest 
and  most  profitable  feed  is  that  which  can  be  grown  with  little  labor 
and  harvested  by  the  hogs  themselves,  though  it  is  economy  to  supple- 
.meut  each  grazing  crop  with  grain  and  other  feeds  suited  to  the  condi- 
tion of  the  animals. 

PERMANENT  PABTURR 

Hog  raising  can  seldom  be  made  profitable  without  a  good  permanent 
pasture,  where  the  hogs  can  secure  a  large  part  of  their  coarser  food  at 
a  nominal  cost,  and  where  they  can  have  the  exercise  which  is  abso- 
lutely necessary  to  good  health.  If  the  hogs  have  an  extended  range, 
as  in  woods  and  canebreaks,  they  will  make  fully  half  their  growth 
without  further  cost,  and  when  such  a  range  is  not  available  pasture 
should  be.  provided.    There  is  no  other  grazing  plant  which  will  give 
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80  much  hog  food  jyev  acre  through  a  large  part  of  the  year  as  alfalfa, 
and  on  soils  where  it  can  be  grown  it  will  pay  well  to  provide  the  hogs 
with  such  a  pasture.  The  soil  for  alftilfa  should  be  sandy  rather  than 
heavy  clay,  and  the  subsoil  must  be  well  drained  or  the  plants  will  be 
short  lived.  Good  alfalfa  soils  are  found  in  all  parts  of  the  South  along 
the  rivers  and  larger  streams,  on  the  marl  hills,  in  the  rotten  limestone 
regions,  and  in  the  sandy  hill  lands  of  the  middle  district.  The  man 
who  has  land  suitable  for  an  alfalfa  pasture  need  have  no  trouble  in 
making  pork  profitably.  Where  alfalfa  can  not  be  grown  Bermuda 
grass,  lespedeza,  and  melilotus  are  excellent  substitutes.  The  hog  is 
naturally  an  animal  which  feeds  over  a  wide  range,  and,  although  the 
food  which  he  gets  from  the  native  pastures  or  even  from  alfalfa  will 
not  alone  enable  him  to  make  the  rapid  increase  desirable,  still  it  is 
essential  to  health  and  will  form  a  good  part  of  the  bone  and  muscle 
needed  for  satisfactory  growth.  A  good  pasture  is  as  necessary  for 
profitable  hog  raising  as  for  the  growing  of  beef  animals,  and  no  one 
should  attempt  to  grow  pork  for  market  without  providing  at  least  one 
field  where  the  hogs  can  have  abundant  exercise  and  can  find  enough 
roots  and  herbage  to  keep  them  in  health. 

ANNUAL  FORAGE  CHOPS. 

While  a  permanent  pasture  is  essential,  temporary  grazing  crops  will 
do  much  toward  reducing  the  cost  of  making  pork.  There  are  a  num- 
ber of  easily  grown  crops  which  furnish  not  only  coarse  forage;  but 
also  a  large  part  of  the  grain  feed  which  will  be  needed,  and  a  selec- 
tion can  be  made  which  will  give  a  succession  lasting  nearly  or  quite 
through  the  year  in  a  region  where  the  ground  is  so  rarely  frozen. 
Oats  and  vetch,  sorghum,  corn,  sweet  potatoes,  cowpeas,  peanuts,  and 
artichokes  all  make  excellent  feed,  can  be  grown  with  little  expense, 
and  in  nearly  all  localities  will  make  fields  which  can  be  grazed  with 
profit  from  January  to  December.  Other  crops,  like  crimson  clover, 
chufas,  and  cassava,  have  been  found  very  profitable  in  some  localities, 
while  the  gleaning  of  the  corn  and  other  fields  always  gives  a  good 
amount  of  inexpensive  meat.  It  is  always  well  to  grow  a  variety  of 
these  grazing  crops  rather  than  to  have  a  larger  acreage  of  only  one 
or  two,  as  the  greater  variety  not  only  gives  a  better  succession  of 
growths,  each  of  which  is  grazed  when  in  its  prime,  but  gives  better 
results  in  meat  produced  per  acre. 

Hogs  are  wasteful  grazers  when  turned  into  rank  pasturage,  and  a 
great  saving  of  feed  can  be  secured  by  growing  the  different  grazing 
crops  in  long,  narrow  fields,  which  can  be  divided  into  sections  by  mov- 
able transverse  fences.  Usually  there  will  be  no  trouble  in  arranging 
the  fields  so  that  this  may  be  done,  while,  by  maintaining  a  succession 
of  plantings,  and  by  fencing  the  hogs  away  from  such  recently  grazed 
crops  as  oats,  sorghum,  and  others  which  will  make  a  second  growth, 
the  fields  need  not  be  large.  By  frequent  changes  of  the  feeding 
ground,  1  acre  will  yield  abundant  grazing  for  at  least  ten  full-grown 
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hogs,  or  for  a  correspondingly  larg^  namb^  ci  younger  animals  and 
pigs. 

Artichokes. — For  wint^  and  early  spring  there  is  no  better  crop  thaa 
artichokes,  which  give  a  rich,  fresh  feed  jast  at  the  time  when  grassea 
and  clovers  are  at  their  xK>orest.  Th^:«  are  few  crops  which  can  bo 
more  easily  grown  on  any  fsorly  igood  soil  which  will  give  a  greiUser 
amount  of  green  feed  per  acre  and  be  more  valuable  for  botli  growing 
and  fattening  animals.  They  should  be  planted  in  drills  like  Irish 
potatoes,  the  seed  being  cut  in  the  siune  manner,  and  about  the  same 
amount  being  used  per  acre.  Two  cultivations  will  usually  be  suffi- 
^ent  to  keep  the  ground  mellow  and  free  frtmi  weeds  until  the  plants 
are  so  tall  as  to  shade  the  ground,  after  which  do  further  working  u 
needed.  The  tubers  do  not  form  until  late  in-  the  season,  and  in  tlua 
latitude  are  rarely  matured  before  the  1st  of  December*  Eveu  thea 
they  are  not  relished  as  well  as  they  are  later,  and  as  they  keep  well  in 
the  ground  until  late  in  the  spring,  it  is  usually  better  to  save  them  for 
January  and  February  grazing,  after  the  sweet  potatoes,  peanuts,  and 
other  crops  are  gone.  Although  the  M*tichokes  will  make  a  volunteer 
growth  from  the  scattering  tubers  left  in  the  ground,  such  a  crop  can 
not  be  cultivated,  and  will  be  so  choked  by  weeds  and  dwarfed  by  the 
hard  ground  that  the  yield  will  be  smalL  It  pays  well  to  plow  and 
replant  the  crop  each  seiason,  even  though  it  is  planted  on  the  same 
ground.  Many  object  to  artichokes  for  fear  they  will  become  a  trouble* 
some  weed,  but  there  is  no  danger  from  that  source.  If  the  young 
plants  are  plowed  or  even  hoed  off  well  in  midsumtner  after  the  old 
tubers  are  exhaust'Cd  and  before  the  new  ones  are  formed,  they  will  be 
killed.  The  yield  is  variable — from  400  to  800  bushels  p^  acre — and 
its  feeding  value  is  fhlly  equal  to  that  of  other  root  crops.  In  some 
recent  tests  at  the  Oregon  Station  hogs  which  were  given  the  run  of  an 
artichoke  field,  and  were  also  given  a  partial  feed  of  grain,  made  a  gain 
of  1  pound  in  weight  for  each  3.1  pounds  of  grain  fed,  while  it  usually 
takes  about  5  pounds  of  grain  to  make  1  pound  of  gain.  In  tests  made 
at  the  Missouri  Agricultural  Oollege  1  bushel  of  artichokes  and  8 
bushels  of  com  were  found  superior  to  4  bushels  of  com,  Mid  other 
tests  have  given  similar  results.  The  inexpensive  gain  in  weight  is 
not  the  only  advantage  in  using  artichokes,  as  the  better  health  conse^ 
quent  on  adding  to  the  ration  this  fresh  and  succulent  feed  is  a  matter 
of  great  importance,  especially  in  animals  which  are  kept  for  breeding. 
The  best  soil  for  the  crop  is  similar  to  that  which  is  best  for  Irish  pota- 
toes. It  should  be  rich,  mellow,  and  well  drained.  On  dry,  hard  ds^ 
the  yield  is  always  small. 

Oatt  and  Vetch. — A  mixture  of  turf  oats  and  hairy  vetch,  sown  in 
October  or  November,  makes  an  excellent  grazing  crop  for  use  after  the 
artichokes  are  gone.  When  sown  on  fairly  good  com  ground  this  crop 
will  have  made  such  a  rank  growth  by  February  that  it  will  fumisk 
good  grazing  during  the  next  two  or  three  months.    The  turf  oats  bear 
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grazing  better  than  does  rye  or  barley,  are  less  easily  injured  by  freez- 
ing, and  will  continue  their  fresh  growth  much  later  in  the  spring.  It 
is  undoubtedly  the  best  grain  crop  we  have  for  grazing.  The  vetch 
also  makes  a  vigorous  growth,  and,  pound  for  pound,  gives  a  feed  richer 
in  protein  or  muscle-forming  material  than  any  other  common  pasture 
plant.^  Its  unusually  large  proportion  of  protein  makes  it  specially 
valuable  for  young  and  growing  animals,  and  it  gives  the  very  best  of 
early  grazing  for  fall  pigs  which  are  to  be  kept  through  the  summer. 
When  the  oats  begin  to  head  and  the  vetch  to  flower,  in  April,  stock 
should  be  taken  off,  so  as  to  allow  the  plants  to  mature  seed,  which 
they  will  do  late  in  May  or  early  in  June.  The  ground  should  then  be 
plowed  and  planted  in  cowpeas  or  some  other  summer  crop  which  can 
be  cut  for  hay  or  grazed  off  in  September  and  October,  after  which  the 
vetch  seed  left  in  the  ground,  and  usually  the  oats  also,  will  make  a 
volunte^er  growth  fully  as  good  as  that  of  the  previous  season.  The  writer 
has  used  this  rotation  six  years  without  replanting  the  vetch  and  there 
has  been  an  almost  constant  increase  in  the  yield.  In  some  seasons 
the  volunteer  oats  have  failed  to  make  a  full  stand,  but  the  vetch  has 
never  failed  to  make  a  satisfactory  growth.  One  bushel  of  the  oats 
and  1  peck  of  vetch  seed  are  sufiQcient  to  seed  an  acre.  The  soil  should 
be  a  rich  loam  which  is  not  too  light.  The  vetch  has  not  often  been 
satisfactory  on  sandy  soils,  but  recent  experiments  at  the  Alabama  Sta- 
tion* show  that  by  proper  inoculation  such  soils  will  produce  abundant 
yields.  By  the  time  the  hogs  are  removed  from  the  oats  and  vetch  the 
permanent  pastures  will  be  in  fine  condition  and  will  give  good  grazing 
for  many  weeks.  This  will  be  especially  true  where  alfalfa,  melilotus, 
and  clovers  are  grown,  and  at  this  time  but  little  grain  need  be  fed. 
During  the  early  summer  months  growth  of  bone  and  muscle  are  more 
important  thaii  the  accumulation  of  fat,  and,  although  it  pays  to  feed  a 
little  grain  at  all  times,  the  amount  used  during  the  early  summer  may 
safely  be  less  than  at  any  other  season. 

Sorghum  and  Eafir  Com. — Sorghum  and  Katlr  com  are  the  best  crops 
for  early  summer  grazing,  and  by  a  succession  of  plantings  will  continue 
to  furnish  feed  until  late  in  the  season  or  until  killed  by  frost.  The 
two  crops  are  very  similar  and  require  the  same  treatment,  sorghum 
being  of  the  quicker  growth  and  making  the  better  summer  food,  while 
Kafir  corn  will  make  the  better  growth  in  the  dry  weather  of  early  fall, 
and  its  heavier  yield  of  seed,  which  matures  just  as  the  fattening  period 
begins,  makes  it  very  valuable.  The  sorghum  should  be  sowed  broad- 
cast at  the  rate  of  one  bushel  per  acre  as  soon  as  there  is  no  further 
danger  from  frosts,  and  will  make  fair  grazing  in  four  or  five  weeks. 
As  it  is  killed  by  too  close  grazing  or  by  rooting,  the  field  should  be 
grazed  in  sections.  If  the  field  is  arranged  for  temporary  cross  fences, 
as  suggested  on  a  previous  page,  it  is  better  to  keep  the  hogs  on  each 

*  Experiment  Station  Record,  Vol.  VI.,  p.  98. 
t  Bulletin  No.  96,  Alabama  Experiment  Station. 


Digitized  by  VjOOQ IC 


24 

section  only  a  week  and  then  give  the  plants  three  weeks  to  recai^erafte 
and  make  a  new  growth.  W^ien  treated  in  that  way  a  small  field  may 
be  grazed  down  two  or  three  times/and  a  single  planting  will  fimiish 
feed  at  least  two  months,  while  later  plantings  treated  in  the  same  man- 
ner will  stiU  further  prolong  the  season.  Kafir  com  may  be  planted  at 
the  same  time  as  sorgbam,  bat,  as  its  greatest  valne  is  for  grazing  in 
late  summer  and  early  fall  and  for  its  seed,  it  is  usually  planted  much 
later,  and  should  be  planted  in  drills,  so  it  can  be  cultivated.  The  stalks 
are  less  sweet  and  so  less  valuable  than  those  of  sorghum,  but  it  makes 
a  greater  weight  of  leaves  per  acre,  and  its  yield  of  seed  is  fully  one- 
half  greater  than  thatof  sorghum.  Being  such  a  drought-resistant  plant 
and  producing  such  a  heavy  yield  of  seed  (from  30  to  50  bushels  per 
acre),  it  is  often  grown  mainly  for  its  seed,  while  its  forage  value  is 
regarded  as  a  secondary  matter.  In  one  test  at  the  Kansas  Experiment 
Station'  100  bushels  of  Kafir  corn  seed  was  found  to  equal  83.7  bushels 
of  com  for  fattening  hogs;  in  another  test  at  the  same  station  100  bush- 
els of  Kafir  corn  seed  equaled  84.8  bushels  of  corn;  while  in  a  third 
trial,  with  pigs  soon  after  weaning,  100  bushels  of  the  seed  equaled  90.4 
bushels  of  corn.  At  that  station  the  average  yields  per  acre  for  nine 
years  had  been  46.9  bushels  of  Kafir  com  seed  and  34.2  bushels  of  com; 
or  if  expressed  in  pork,  the  yields  have  been  454  pounds  of  pork  per 
acre  from  Kafir  corn  and  402  pounds  from  com.  In  many  places  in  the 
8outh  the  difference  would  be  still  more  marked  in  favor  of  Kafir  com, 
as  it  will  grow  and  yield  much  better  than  corn  on  thin  clay  hills,  which 
are  specially  subject  to  injury  from  drought.  Where  the  southern 
hog-raiser  has  rich,  moist  bottom  lauds  on  which  to  grow  com  and  forage, 
Kafir  com  has  no  marked  advantage  over  sorghum,  com,  and  other 
crops. 

Gowpeas. — Cowpeas  give  rich  grazing  from  July  until  October,  and 
should  always  be  grown  for  use  during  late  summer  and  early  fall. 
Being  very  rich  in  protein,  they  make  an  excellent  food  for  growing 
animals,  though  not  desirable  as  the  exclusive  feed  in  the  final  fatten- 
ing, as  the  fat  meat  produced  by  them  is  too  soft  and  oily  to  be  of  the 
highest  value.  Lots  for  early  use  may  be  sown  on  the  ground  from 
which  artichokes  were  harvested,  and  will  be  ready  for  use  in  two 
mouths  from  planting.  For  later  use  some  of  the  quick-growing  sorts 
may  be  planted  on  the  vetch  ground,  or,  if  the  ranker-growing  and 
later-maturing  sorts  are  sown  on  the  artichoke  ground  or  elsewhere, 
they  will  make  an  immense  growth  of  forage  for  use  in  September  and 
October.  Usually,  however,  it  is  better  to  sow  the  peas  for  late  grac- 
ing in  the  corn  field  than  to  use  land  for  that  purjiose  alone.  With  the 
earlier-ripening  varieties  of  peas  and  sorghum  the  hogs  will  be  carried 
up  to  the  be;:inning  of  cool  weather  without  trouble. 

Sweet  Potatoes. — For  September,  October,  and  November  the  best 
three  crops  are  sweet  potatoes,  peanuts,  and  chufas,  and  as  the  soil 
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beoomeB  more  sandy  they  become  of  more  importance.  All  grow  well 
in  soils  which  are  qnite  light  and  sandy,  while  none  of  them  is  worth 
planting  on  heavy  soils.  Sweet  potatoes  make  the  best  root  crop  which 
can  be  grown  for  fall  ase  in  the  greater  part  of  the  South,  being  less 
expensive  to  cnitivate,  yielding  more  heavily,  and  being  richer  feed 
than  beets,  turnips,  or  rutabagas.  In  some  sections  of  Florida,  and 
along  the  Oulf  coast,  cassava  is  often  a  better  crop,  but  with  that 
exception  the  sweet  potato  is  unexcelled  for  all  soils  which  are  not  too 
wet  and  heavy.  They  can  be  planted  at  any  time  f^om  May  to  July, 
and  will  be  in  condition  for  grazing  from  the  1st  of  August  until  late 
in  November,  or  during  the  months  when  ordinary  pastures  are  dry, 
and  such  succulent  food  is  worth  more  than  at  any  other  time.  In 
grazing,  the  hogs  will  waste  and  destroy  a  large  portion  of  the  crop  if 
allowed  free  range,  and  the  field  should  be  divided  so  that  only  a  small 
part  of  it  will  be  added  to  the  feed  lot  at  any  one  time. 

Peanuts. — Peanuts  are  very  rich  in  protein,  and  so  are  especially  val- 
nable  for  animals  which  are  growing.  Their  yield  in  bushels  is  less 
than  that  of  sweet  potatoes,  but  their  feeding  value  per  bushel  is  much 
greater;  and,  as  they  are  rich  in  muscle-forming  materials  while  sweet 
potatoes  have  their  chief  value  as  fat-producers,  the  two  supplement 
each  other.  The  best  variety  for  grazing  is  the  Spanish,  which  yields 
fully  as  well  as  others,  and  its  compact  growth  makes  it  easier  to  cul- 
tivate. On  soils  of  medium  fertility  and  with  ordinary  care  a  yield  of 
from  50  to  75  bushels  per  acre  may  reasonably  be  expected,  and  as  the 
hogs  do  the  harvesting  the  expense  of  making  the  crop  is  much  less 
than  for  securing  an  equal  amount  of  food  from  most  other  crops. 
Some  recent  work  at  the  Alabama  Experiment  Station  shows'  the  high 
feeding  value  of  peanuts  in  a  very  striking  manner.  Six  pigs,  with  a 
total  weight  of  184.3  pounds,  were  used  in  the  test,  which  lasted  six 
weeks.  The  peanuts  were  grown  on  about  one-sixth  of  an  acre,  and 
during  the  test  373  pounds,  or  a  little  more  than  6^  bushels  of  corn, 
were  fed.  At  the  close  of  the  feeding  the  pigs  had  more  than  doubled 
in  weight,  having  made  a  gain  of  196.4  pounds.  Valuing  the  com  at 
40  cents  i>er  bushel  and  the  pork  at  3  cents  per  pound,  the  peanuts, 
when  harvested  by  the  hogs,  were  worth  $18.34  per  acre.  The  expense 
of  cultivating  the  peanuts  was  much  less  than  for  cultivating  an  equal 
area  in  cotton,  and  the  thin,  sandy  soil  on  which  the  nuts  were  grown 
would  not  have  made  more  than  200  i>ounds  of  lint  per  acre,  while  the 
yield  of  peanuts  was  62.6  bushels  per  acre.  In  another  test  at  the 
same  station,  peanuts  alone,  peanuts  and  com  meal,  and  com  meal 
alone,  were  fed  to  determine  their  relative  pork-producing  value.  At 
the  dose  of  the  sixth  week  it  was  found  that  2.8  pounds  of  peatiuts 
alone,  or  3.7  x>ounds  of  equal  weights  of  i)eanuts  and  com  meal  had 
been  consumed  for  each  pound  of  gain,  while  10.7  pounds  of  corn  meal 
alone  had  been  needed  to  make  the  same  growth.    On  butchering  the 
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hogs  used  in  the  tests  it  was  foand  that  the  peanuts  had  greatly  soft- 
ened the  pork  and  lowered  the  melting  point  of  the  lard,  and  that  this 
was  not  wholly  corrected  even  when  the  hogs  were  fed  on  corn  exclu- 
sively for  a  month  before  slaughtering.  Like  other  feeds  rich  in  pro- 
tein, peanuts  are  more  valuable  for  growing  animals  than  for  those 
intended  for  immediate  killing.  The  Bulletin  says  further:  "It  is 
highly  desirable  to  arrange  a  succession  of  peanut  crops  rather  than 
to  have  large  areas  ripen  at- the  same  time,  for  in  wet  weather  Spanish 
peanuts  will  not  remain  long  in  the  ground  after  maturity  without 
sprouting.'^ 

Chufas.— Ohufas  grow  well  only  on  soils  which  are  somewhat  saiidy, 
and  will  make  good  yields  on  soils  which  are  too  light  for  any  other 
root  crops,  and  so  are  specially  valuable  for  soils  where  the  yield  of 
other  crops  is  too  small  for  profit.  Like  artichokes,  they  can  remain  in 
the  ground  uninjured  through  the  winter,  and  so  may  be  used  for  graz- 
ing at  any  time  from  November  to  February.  From  the  fact  that  the 
tops  of  the  plants,  which  are  small  and  grass  like,  do  not  cover  the 
ground  sufficiently  to  prevent  the  growth  of  weeds,  the  crop  needs  a 
longer  time  of  cultivation  than  do  sweet  potatoes  or  peanuts,  but  the 
yield  is  large,  often  from  100  to  150  bushels  per  acre,  and  its  season  for 
use  is  so  long  that  the  small  additional  labor  required  in  cultivation  is 
not  out  of  proportion  to  the  value  of  the  crop.  At  the  Louisiana  Sta- 
tion^ they  "were  a  splendid  success,  suggesting  and  proving  themselves 
to  be  a  splendid  crop  for  hogs.''  At  the  Alabama  Station'  the  yield 
was  172  bushels  of  green  nuts  per  acre,  the  amount  shrinking  to  115.24 
bushels  when  dried.  The  feeding  tests  which  have  been  made  with 
chufas  show  that  while  seldom  profitable  as  an  exclusive  feed,  they 
have  great  value  as  a  fresh  and  succulent  feed  for  use  with  com  and 
other  grain. 

Cassava. — Cassava  is  a  plant  which,  from  the  limited  tests  it  has 
received,  promises  to  be  an  extremely  valuable  forage  plant  for  Florida 
and  for  the  immediate  coast  region  westward  to  Texas.  The  valuable  part 
of  the  plant  is  the  thickened  and  starchy  roots,  which  grow  from  1  to  3 
feet  in  length  and  from  2  to  3  inches  in  diameter.  Each  plant  produces 
.  cluster  of  tliese  roots,  and  single  clustors  weighing  from  15  to  20 
^  pounds  are  not  uncommon.  Under  ordinary  field  conditions  the  yield 
is  from  5  to  8  tons  per  acre,  though  much  heavier  yields  are  often 
reported.  The  plants  are  propagated  by  cuttings  of  the  stems  and 
branches,  which  are  buried  and  kept  through  the  winter  like  sugar 
cane.  Although  the  plant  will  survive  a  mild  winter  when  left  in  the 
ground,  annual  plantings  are  more  profitable.  According  to  analyses 
made  by  the  Department  of  Agriculture,^  the  roots  contain  a  much 
smaller  proportion  of  water  than  is  found  in  other  roots  used  for  feed- 
ing, and  so  are  correspondingly  richer  in  food  elements  which  belong 

^  Bulletin  No.  27,  Lonisiana  Experiment  Station. 
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priDcipally  tx>  the  fia^t-fbrming  group,  89.34  per  cent  of  the  dry  material 
being  carbonaceoas  while  only  2.59  per  cent  is  protein.  Such  a  food  is 
tskv  more  valuable  for  fattening  than  fco'  growing  animals,  bat  it  can  be 
produced  at  such  a  low  cost  that  some  of  the  more  expensive  nitrog- 
enous foods — shorts,  peanuts,  or  cowpeas — can  be  used  with  it  and  so 
form  a  good  growing  ration  at  a  low  cost.  When  hogs  have  reached 
nearly  their  full  growth,  and  it  is  dedred  to  add  ftU;  for  finishing  off  it 
is  claimed  that  cassava  is  the  cheapest  food  known.  In  tests  at  the 
Florida  Station  *  the  increase  in  weight  in  hogs  fed  seventy-five  days 
cost  only  1.04  cents  per  pound  from  cassava,  while  the  cost  of  corn-fed 
meat  was  3.06  cents  p^  pound.  In  this  estimate  cassava  is  reckoned 
at  $6  per  ton,  the  price  paid  for  it  at  the  starch  factories,  though  the 
actual  cost  of  growing  it  was  less  than  $2  per  ton.  Similar  results 
have  been  secured  at  the  Louisiana  Station,  and  for  the  extreme  south- 
em  section  of  the  country,  where  the  climate  gives  at  least  eight  months 
free  from  firost,  pork  can  doubtless  be  produced  at  less  cost  from  cassava 
tiian  from  any  other  one  plant. 

Crimson  Clover. — Crimson  clover  makes  good  winter  grazing  along  the 
South  Atlantic  coast  and  in  some  sections  of  Florida,  but  has  not  been 
generally  satisfactory  west  of  Georgia.  Oocasionally  it  makes  a  heavy 
growth  as  far  west  as  Louisiana,  but  has  usually  been  less  valuable 
than  the  vetch,  which  matures  at  iho  same  season.  In  sections  where 
it  grows  its  grazing  value  is  about  equal  to  that  of  the  vetch;  but  very 
few  localities  have  been  found  where  both  succeed,  though  one  of  the 
two  can  be  made  to  grow  on  nearly  all  soils,  and  the  oue  which  succeeds 
best  should  be  grown  by  every  hog  raiser  lor  winter  and  early  spring 
gra2dng. 

Succession  and  Botation. — ^With  such  a  large  variety  of  plants,  some  of 
which  will  furnish  grazing  at  all  times,  it  is  not  difficult  to  make  a 
selection  for  any  locality  which  will  give  continuous  pasturage  through 
the  entire  year,  and  which  will  furnish  fully  one-half  the  food  for  the 
hog  at  an  almost  nominal  cost.  By  arranging  a  proper  rotation  much 
of  the  ground  can  be  made  to  produce  two  crops  annually,  and  as  all 
wiU  be  consumed  in  the  field  succeeding  crops  can  be  grown  without 
the  use  of  fertilizers.  The  best  succession  of  crops  for  difi'i^ent  soils 
and  localities  must  vary  greatly,  and  the  kinds  grown  on  the  hog  lots 
will  also  be  varied  by  those  grown  on  the  other  parts  of  the  farm.  The 
size  and  shape  of  the  lots  wiU  be  varied  by  the  location  of  the  build* 
ings,  the  ground  available,  and  the  location  of  the  fields.  While  no 
(me  plan  can  be  universally  adopted,  the  following  may  be  used  on  a 
great  variety  of  soils  and  can  be  easily  changed  to  suit  the  surroundings : 

A  field  20  rods  in  width  and  40  rods  in  length  is  divided  into  five 
sections,  each  4  rods  in  width  and  containing  I  acre.  Shade  should  be 
provided  by  planting  mulberry  trees  along  the  division  fences.  Begin- 
ning in  April,  lot  No«  1  is  planted  with  sorghum,  to  be  followed  by  turf 
oats  and  vetch  in  October;  Ko.  2  is  planted  in  sweet  potatoes,  also  to 
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be  followed  by  oats  and  vetch;  Ko.  3  is  planted  in  peanuts;  No.  4  is 
planted  in  sweet  potatoes  in  June  or  July  for  a  late  crop;  and  No.  5  is 
pl.anted  in  artichokes.  The  following  year  lot  No.  1,  which  was  in  oats 
and  vetch  through  the  winter,  is  planted  in  sweet  potatoes,  to  be  fol- 
lowed by  oats  and  vetch  in  the  fall;  No.  2,  also  covered  with  oats  and 
vetch  through  the  winter,  is  planted  in  artichokes;  No.  3  is  planted  in 
sorghum  or  Kaflr  corn,  to  be  followed  by  oats  and  vetch  in  October; 
No.  4  is  planted  in  peanuts,  and  No.  5  in  sweet  potatoes,  both  to  be 
followed  by  oats  and  vetch. 

In  the  case  of  some  of  these  crops,  as  the  sorghum  and  sweet  pota- 
toes, it  is  often  better  to  plant  the  end  nearer  the  buildings  a  few  weeks 
before  the  farther  end  is  planted,  so  that  the  entire  crop  will  not  mature  at 
the  same  time.  When  the  lots  are  planted  in  this  manner,  and  temporary 
cross  fences  are  used,  so  that  the  hogs  have  only  a  few  rods  of  fresh  graz- 
ing each  week,  such  a  5-acre  field  will  furnish  good  and  constant  grazing 
for  from  25  to  60  hogs,  together  with  the  pigs  which  would  naturally 
belong  with  such  a  drove.  Of  course  the  succession  and  varieties 
named  may  be  changed  almost  indefinitely,  and  for  many  localities 
should  be  changed.  In  some  sections  ^crimson  clover  should  be  substi- 
tuted for  vetch,  and  on  the  light,  sandy  soils  in  the  extreme  southern 
section  cavassa  should  take  the  place  of  artichokes.  Ghufas  will  some- 
times be  better  than  artichokes,  and,  when  the  hogs  are  to  have  fall 
grazing  in  a  cornfield  which  has  been  planted  with  cowpeas,  the  pea- 
nuts may  be  omitted  and  some  other  crop  increased.  In  arranging  any 
such  rotation  the  important  point  is  to  select  crops  which  will  give  an 
uninterrupted  succession,  and  the  most  abundant  grazing  at  times 
when  but  little  is  to  be  had  from  other  parts  of  the  farm.  It  should  bo 
remembered  that  the  meat  which  the  hogs  make  by  grazing  is  the  least 
expensive,  and  it  is  poor  economy  not  to  make  as  much  of  it  as  is 
possible. 

GRAIN  AND  OTHER  FEEDS. 

A  certain  amount  of  grain  feed  is  needed  to  grow  hogs  with  the 
greatest  profit,  and  still  more  is  needed  to  fatten  and  fit  them  for  mar- 
ket, but  it  should  be  used  only  to  supplement  the  feeds  which  the  hogs 
harvest  for  themselves  in  the  field.  Pork  can  not  be  made  economically 
when  all,  or  even  a  larger  proportion,  of  the  feed  comes  from  the  crib 
or  the  mill.  The  hog  is  an  omnivorous  animal  and  needs  "roughage'^ 
and  fresh  green  feed  for  his  best  health  and  growth  and  to  produce 
meat  of  the  best  quality.  When  young  his  grain  feed  should  be  such 
as  will  furnish  material  for  bone  and  muscle,  and  not  such  as  will  pro- 
duce an  excess  of  fat;  while,  as  the  animal  approaches  maturity,  fat- 
producing  foods  should  be  given  more  liberally.  No  one  kind  of  grain 
feed  can  be  used  economically  from  weaning  until  the  full-grown  animal 
is  slaughtered,  and  there  should  be  a  gradual  change  from  the  nitrog- 
<^nous,  muscle-making  food  given  to  the  pig  to  the  carbonaceous,  fat- 
king  food,  which  is  more  profitable  for  the  last  few  weeks  before 
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killing.  The  young  animal  must  have  good  bone  and  muscle  before  it 
can  carry  the  heavy  load  of  fat  desirable  for  the  batcher  or  develop 
the  strength,  vigor,  and  health  necessary  in  a  good  breeding  animal. 

Com. — Corn  has  always  been  the  staple  grain  food  for  hogs  and  is  the 
bast  and  cheapest  for.  "finishing  off ^  to  make  the  animals  ready  for 
butchering.  It  makes  the  meat  very  firm,  gives  it  a  fine  flavor,  and 
makes  a  better  lard  than  can  be  obtained  from  any  otber  food.  It  is 
gtrictly  a  fattening  food,  however,  and  is  not  the  best  grain  for  young 
animals  or  for  breeding  stock.  When  young  animals  have  an  abundant 
range  with  a  good  supply  of  nitrogenous  foods  like  alfalia,  clover, 
vetches,  and  cowpeas,  corn  makes  a  valuable  addition  to  the  ration, 
butshould  not  be  given  in  excess,  and  will  usually  be  found  more  profita- 
ble if  mixed  with  shorts,  bran,  or  some  other  feed  containing  a  larger 
proportion  of  protein.  For  the  last  few  weeks  before  slaughtering,  corn 
alone  is  often  the  most  economical  grain  food.  Little  advantage  will 
be  secured  by  grinding  it  before  feeding.  Numerous  tests  have  been 
made,  by  the  experiment  stations  and  by  other  feeders,  in  comparing 
whole  corn  with  corn  meal,  and  although  the  results  have  usually 
been  in  favor  of  the  meal  by  from  4  to  8  per  cent,  that  difference  will 
barely  pay  the  cost  of  grinding.  Com  meal  or  soaked  corn  can  some- 
times be  used  to  advantage  in  feeding  young  pigs,  but  under  ordinary 
circumstances  it  is  fully  as  profitable  to  feed  the  com  dry  and  whole. 

Shorts  and  Bran. — Shorts  and  bran  are  among  the  best  feeds  for  grow- 
ing animals,  and  wlien  they  can  be  had  for  $20  or  less  per  ton  will 
always  be  more  proUtable  than  corn  for  young  stock.  For  young  pigs 
bran  is  not  so  good  as  shorts,  as  it  often  has  an  irritating  effect  on  the 
bowels,  and  when  fed  too  liberally  causes  scours  and  other  troubles  from 
which  the  animal  is  slow  in  recovering.  Shorts,  when  fed  in  reasona- 
ble amounts,  seldom  causes  such  troubles  and  is  usually  the  best  and 
cheapest  grain  feed  for  use  during  the  first  three  or  four  months.  As 
the  animal  grows  older  bran  may  be  used  more  freely. 

Cowpeas  may  be  used  in  the  place  of  shorts  or  bran,  but  as  they 
ijequire  grinding  their  economical  use  is  confined  to  the  feeding  of  young 
animals,  said  the  crop  can  commonly  be  used  more  profitably  in  other 
ways. 

Uice  bran  and  rice  polish  are  cheap  grain  foods  in  the  rice  districts, 
but  their  feeding  value  is  not  equal  to  that  of  com  meal.  They  con- 
sist almost  wholly  of  starch,  and  so  are  better  for  fattening  than  for 
growing  stock. 

Cotton  Seed. — Cotton  seed  has  been  used  in  almost  every  form  for 
feeding  hogs,  but  never  with  success  when  the  feeding  has  been  con- 
tinued any  length  of  time.  It  has  been  fed  raw,  roasted,  steamed  and 
boiled;  and  the  meal,  both  raw  and  cooked,  has  also  been  tried  in 
various  ways,  but  almost  always  with  the  same  result — the  death  of 
from  one-fourth  to  one-half  the  drove  within  twelve  weeks  from  the 
time  the  feeding  began.  Apparently  the  hogs  do  well  the  first  few 
weeks  after  the  feeding  begins,  but  at  about  the  sixth  week  occasional 
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deaths  occnr,  and  the  losses  continue  from  that  time  onward.  The 
bogs  show  no  indication  of  sickness  and  make  very  satisfactory  gains 
nntii  within  two  or  three  days  or  sometimes  within  a  few  hours  of 
death,  and  no  curative  treatment  seems  to  have  any  effect.  Nearly 
every  experiment  station  in  the  Southern  States  has  endeavored  to 
find  some  combination  of  feeds,  of  which  cotton  seed  should  be  a  part, 
which  could  be  fed  with  safety,  but  without  success,  and  it  seems  use- 
less to  make  any  further  attempt  to  use  it  as  a  hog  feed.  Before  it 
had  any  commercial  value  cotton  seed  was  often  thrown  into  shallow 
ponds,  where  it  soon  became  half  rotted,  and,  when  in  that  condition, 
hogs  often  ate  it  with  impunity,  but  with  the  present  market  value  of 
the  seed  more  than  double  the  amount  of  food  can  be  secured  by 
exchanging  it  for  corn  or  shorts. 

Skim  Uilk. — Skim  milk  should  always  be  used  when  it  is  available. 
It  is  not  only  a  good  flesh  producer  in  itself,  but  it  also  makes  the 
ordinary  grain  feeds  more  digestible  and  so  adds  greatly  to  their  value. 
While  skim  milk  alone  is  rarely  profitable,  from  20  to  40  pounds  being 
required  to  make  a  pound  of  meat,  when  mixed  with  grain  in  the  pro- 
portion of  3  pounds  or  less  of  milk  to  each  pound  of  grain  its  value  is 
greatly  increased.  In  a  test  reported  by  0.  P.  Goodrich^  1  bushel  of 
com  produced  10  pounds  of  pork,  and  100  pounds  of  skim  milk  pro- 
duced 5  pounds  of  pork,  when  fed  separately.  When  fed  together,  how- 
ever, the  mixture  produced  18  pounds  of  meat,  an  increase  of  3  pounds 
due  to  the  mixing.  In  this  case  100  pounds  of  skim  milk  took  the 
place  of  44.8  pounds  of  corn.  If  the  corn  was  worth  25  cents  per 
bushel,  the  milk  was  worth  19.6  cents  per  100  pounds;  if  the  corn  was 
worth  40  cents,  the  milk  was  worth  31.4  cents.  Extended  tests  in  the 
feeding  of  skim  milk  have  been  made  at  the  Utah  Station,'  and  among 
the  facts  brought  out  by  the  work  are  these:  "The  hogs  fed  on  the 
milk-and-graiu  ration  made  much  more  rapid  gains  than  either  those 
fed  on  milk  alone  or  on  grain  alone.  The  time  required  to  make  100 
pounds  of  gain  was  seventy-nine  days  for  the  hogs  fed  on  milk  and 
grain,  one  hundred  and  sixteen  days  for  those  fed  on  grain  alone,  and 
one  hundred  and  forty-seven  days  when  the  feed  was  milk  alone.  The 
milk  and-grain-fed  lots  required  2.58  pounds  of  digestible  matter,  the 
milk-fed  lots  2.85  pounds,  and  the  grain-fed  lots  3.19  pounds  to  make  1 
pound  of  gain  in  live  weight."  In  this  case  100  pounds  of  skim  milk 
took  the  place  of  23.2  pounds  of  grain  in  the  mixture.  Work  at  other 
stations  has  given  very  similar  results  and  has  demonstrated  that  when 
not  more  than  4  pounds  of  skim  milk  is  used  with  each  pound  of  grain 
the  milk  is  worth  from  15  to  30  cents  per  100  pounds.  The  younger 
and  smaller  the  hogs  the  higher  is  the  value  of  the  milk.  For  full- 
grown  and  aged  animals  it  is  of  less  value.  It  may  be  taken  as  a  safe 
rule  that  it  is  profitable  to  pay  at  least  15  cents  per  100  pounds  for  all 
the  skim  milk  needed  to  make  four  times  the  weight  of  the  grain  fed, 

^  Pork  prod  action,  p,  91.  '  BuUetln  57,  Utah  Experiment  Station. 
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and  where  it  is  impossible  to  secure  enough  for  all  the  hogs  the  avail- 
able sufiply  should  be  given  to  those  pigs  nearest  the  weaning  age  and 
to  sows  suckling  pigs. 

Salt  and  AsheB. — One  item  of  feed  which  should  never  be  neglected  is 
a  good  supply  of  salt  and  ashes  to  which  the  hogs  ean  have  access  at 
all  times.  Wood  ashes  can  always  be  had  and  the  hogs  should  have 
all  they  wiU  eat.  When  not  convenient  to  give  ashes,  charcoal  is  a 
good  substitute,  and  even  soft  coal  will  be  eaten  for  want  of  something 
better.  Hogs  are  never  injured  by  eating  all  the  ashes  they  want,  but 
it  is  not  safe  to  give  large  amounts  of  salt  to  animals  not  accustomed 
to  its  use.  The  salt  and  ashes  mixture  should  be  kept  in  a  low  box 
under  a  shed  where  it  wiU  be  protected  from  rain,  and  should  consist 
of  about  two  quarts  of  Bslt  for  each  bushel  of  ashes.  Many  feeders 
prefN*  to  add  a  few  ounces  of  copperas  to  the  mixture.  Free  access  to 
such  a  mixture  will  do  much  to  preserve  the  health  of  hogs,  and  sows 
which  have  had  an  abundance  of  such  food  will  rarely  eat  their  young. 

Cooking  the  Feed. — Oooking  feed  is  rarely  profitable.  It  has  been 
tested  repeatedly  in  all  parts  of  the  country  and  with  all  kinds  of  feed, 
often  with  contradictory  results,  but  those  who  have  tested  it  most 
extensively  and  who  have  watched  its  results  most  carefully  are  almost 
unanimous  in  the  opinion  that  cooking  not  only  fails  to  increase  the 
meat- producing  value  of  the  feed,  but  often  actually  causes  a  distinct 
loss.  Irish  potatoes  are  greatly  improved  by  cooking,  but  as  they  are 
seldom  fed  to  hogs  in  t^  South  the  purchase  of  a  cooking  outfit  is 
usually  a  needless  expense  for  the  south^n  hog  raiser.  Soaking  grain 
in  water  and  allowing  it  to  ferment  before  feeding  is  also  seldom  profit- 
able, though  soaking  com  or  wheat  for  very  young  pigs  enables  them 
to  begin  eating  a  little  sooner.  When  ground  feed — shorts,  meal,  etc — 
is  used  with  skim  milk  many  feeders  think  it  better  to  make  them 
into  a  slop  and  let  it  stand  untO  it  begins  to  ferment,  but  the  mixture 
should  never  be  kept  until  it  becomes  soured. 

HOW  AND  "WHAT  TO  FEED. 

Whatever  feeds  may  be  used  the  variety  should  be  as  great  as  possi- 
ble, and  changes  should  be  made  at  every  opportunity.  The  only 
object  in  raising  hogs  is  the  prodaction  of  meat,  and  the  more  rapidly 
a  bog  can  be  made  to  produce  meat  the  more  profitable  he  becomes. 
The  man  who  makes  hog  raising  the  most  profitable  is  the  one  who 
induces  his  hogs  to  eat  the  most  of  the  right  kinds  of  food,  and  who 
never  keeps  them  on  any  one  kind  of  grain  or  forage  until  their  appe- 
tites become  cloyed  and  they  get  ''off  their  feed."  The  greater  the 
variety  and  the  more  frequent  the  changes  the  more  will  be  eaten  and 
tiie  more  rapid  will  be  the  growth. 

No  matter  what  food  may  be  used  or  what  the  age  of  the  animals 
which  consume  it  a  great  saving  may  be  effected  by  feeding  so  that 
none  of  it  wiU  be  wasted.    While  a  hog  is  not  over  particular  about 
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cleanliDCSS,  and  will  eat  food  which  is  covered  with  almost  any  kind  of 
filth,  still  he  prefers  clean  food,  and  will  not  waste  time  and  strength 
in  rooting  half  an  ear  of  com  out  of  the  mnd  when  he  sees  an  ear  which 
has  not  been  soiled.  Throwing  corn,  or  any  other  feed,  on  the  ground 
is  wastefal,  and  if,  iis  is  too  often  the  case,  the  hogs  are  kept  in  a  small 
pen  which  is  trampled  and  rooted  so  that  it  has  become  a  x>ermanent 
mud  hole,  the  practice  is  exceedingly  wastefoL  In  managing  the  graz- 
ing lots,  especially  those  on  which  root  crops  are  grown,  the  temporary 
cross  fences,  already  referred  to,  will  save  from  one-fonrth  to  one-half  the 
feed.  It  pays,  and  pays  well,  to  have  a  floor  on  which  to  feed  com;  and 
when  shorts  or  other  ground  feeds  are  used  they  should  always  be  wet 
and  fed  in  a  trough.  The  trough  should  have  end  pieces  so  long  that  the 
hogs  can  not  turn  it  over,  but  should  not  be  fastened  to  the  floor,  as 
it  will  need  cleaning  often.  The  feeding  floor  and  trough  should  be 
under  a  shelter  if  possible.  It  is  never  a  good  plan  to  feed  animals  of 
different  sizes  in  the  same  pen.  When  large  and  small  are  fed  together 
the  small  are  sure  to  suffer,  no  matter  how  much  may  be  given  to  the 
lot.  The  food  which  an  animal  gets  by  fighting  may  sustain  life,  but  it 
will  make  very  little  fat.  An  ample  variety  of  feeds  suited  tothe  age 
of  the  animals,  and  a  feeding  place  where  none  of  it  will  be  wasted  are 
the  two  important  factors  in  profitable  hog  raising.  In  regard  to  feed- 
ing hogs,  Hon.  W.  L.  Foster,  of  Shreveport,  La.,  who  has  been  for 
many  years  one  of  the  largest  breeders  in  that  State,  says: 

On  the  hill  lands,  Tye,  barley,  oats,  and  artichokes  are  the  best  for  winter  grazing^ 
taking  the  hogs  off  the  grain  crops  about  the  last  of  February  to  permit  the  crops 
to  mature  seed.  Sorghum,  to  come  in  shortly  after  barley  or  rye,  ought  to  be  planted 
in  Spanish  peanuts,  sweet  potatoes,  and  peas.  Turn  the  hogs  onto  the  oats  when 
the  seed  is  about  ripe;  then  on  the  peas,  sweet  potatoes,  and  peanuts  when  suffi- 
ciently matured;  then'on  artichokes  again  for  the  winter.  Of  course  Bermuda 
pasture  for  summer  grazing  is  a  $ine  qua  non.  On  alluvial  lands  I  would  say  alfalfa 
for  pasture  the  year  around,  with  straight  com,  hard  (or  better  if  soaked  twenty- 
four  hours).  The  alfalfa  should  be  cut  and  fed  when  the  ground  is  too  wot  to 
pasture.  Hogs  should  run  out  at  all  times,  but  should  have  ^-shaped  shelters  to  go 
under  when  very  cold  or  extremely  hot. 

For  grain  feed  I  think  corn  alone,  and  not  much  of  it,  good  enough  with  alfalfa  op 
clover.  Skim  milk  with  shorts,  bran,  oats,  and  com  meal  in  equal  parts  is,  to  my 
mind,  the  h€$t  feed,  but  hardly  profitable  for  hogs  intended  for  slaughter.  I  do  not 
think  it  pays  to  cook  feed,  other  than  turnips,  Irish  potatoes,  or  similar  crops,  which 
are  made  more  palatable.  For  growing  pigs  on  alfalfa,  soaked  com  is  good  enough ; 
while  for  pigs  on  Bermuda  grass  I  think  shorts,  oats,  and  corn  almost  necessary  to 
good  results,  unless  one  has  plenty  of  peas,  sorghum,  and  vegetables,  or  milk.  For 
fattening  I  prefer  the  same  feeds  as  for  growing  except  to  increase  the  proportion  of 
com. 

In  writing  of  the  same  matter,  Professor  Duggar,  of  the  Alabama 
Experiment  Station,  says: 

On  sandy  soils  a  suitable  succession  of  crops  for  hogs  is  a  mixture  of  hairy  vetch 
and  oats  for  spring  grazing;  permanent  pastures,  especially  lespedeza,  carpet  grass, 
and  Bermuda  for  June  and  part  of  July;  sorghum  or  permanent  pasture  for  July 
and  a  part  of  August;  peanuts  for  August  and  September  and  October;  sweet  pota- 
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toes  and  the  mn  of  cowpea  fields  for  November,  and  chufaa  for  November,  Decem- 
ber, and  Jannary.  The  peanut  diet,  the  cheapest  of  all  the  methods  of  growing 
pork  yet  tested  here,  should  be  discontinued  at  least  two  months  before  the  hogs 
are  killed.  Corn  should  be  the  chief  food  in  the  few  weeks  immediately  preceding 
slaughtering.  Some  corn  must  be  fed  to  hogs  on  pasture,  and  can  be  fed  profitably 
even  when  pigs  are  running  in  peanut  fields.  As  soon  as  we  have  large  enongh 
areas  of  alfalfa  we  shall  have  a  still  cheaper  method  of  growing  pork.  If  pigs  must 
be  grown  chiefly  on  grain,  I  prefer  either  a  mixture  of  two  parts  com  and  one  part 
of  cowpeas  ground  together,  or  shorts.  Bran  is  too  coarse.  We  have  found  sweet 
potatoes  to  be  not  more  than  one- fourth  as  valuable  as  an  equal  weight  of  com,  and 
yet  when  harvested  by  the  hogs,  sweet  potatoes  constitute  a  valuable  food  on  poor, 
sandy  soil. 

Director  Eedding  of  the  Georgia  Experiment  Station  uses  nearly  the 
same  feeds.    He  says: 

The  best  succession  of  grazing  crops  is  vetches  ( Vicla  $aiiva  and  F.  villosa),  clovers 
{Medicago  maculata  and  M,  dentlculaia),  red  clover  and  orchard  grass,  crab  grass, 
chnfus,  peanuts,  sweet  potatoes,  and  artichokes.  For  permanent  pastures  Bermuda 
grass  is  best  for  summer,  while  orchard  grass,  taU  oat  grass,  red  top,  red  and  white 
clovers  are  best  for  winter  and  spring. 

For  feeds  for  the  growing  period  I  use  shorts,  bran,  corn  meal,  and  pasture ;  for 
the  fattening  period,  peanuts,  sweet  potatoes,  artichokes,  and  com  meal.  Skim 
milk  is  undoubtedly  good  for  growing  pigs;  bran  and  oats  are  unexcelled  excepting 
by  shorts. 

FATTENINa  FOR  MARKET. 

The  cost  per  pound  of  growing  and  fattening  a  bog  for  market 
increases  with  the  size  and  age  of  the  animal.  It  costs  much  less  to 
raise  two  hogs  weighing  300  pounds  each  than  to  grow  one  weighing 
600  pounds,  and  even  600  pounds  is  too  heavy  to  be  profitable  under 
ordinary  circumstances,  A  hog  must  consume  a  certain  amount  of 
food  to  maintain  his  present  weight,  and  for  that  food  the  owner 
receives  no  returns.  Whatever  the  hog  can  be  induced  to  eat  in  excess 
of  the  amount  required  for  maintenance  goes  to  the  production  of 
growth,  and  it  is  from  this  excess  that  all  gains  and  profits  are  made. 

These  facts  make  it  to  the  interest  of  the  feeder  to  induce  his  hogs 
to  eat  all  they  can  digest  and  to  secure  gains  as  rapidly  as  possible.  A 
pig  which  is  made  to  weigh  200  pounds  at  six  months  or  300  pounds  at 
a  year  old  is  always  profitable,  while  if  it  takes  two  years  to  make  300 
pounds  the  last  100  pounds  will  usually  be  made  at  a  loss.  As  the  rate 
of  growth,  both  in  proportion  to  the  size  of  the  animal  and  to  the 
amount  of  food  given,  decreases  as  the  hog  becomes  larger,  there  must 
come  a  time  when  a  pound  of  increase  will  cost  more  than  it  will  bring 
on  the  market,  and  it  is  a  nice  point  with  the  feeder  to  decide  when 
that  time  will  come  and  to  market  his  hogs  before  it  is  reached.  Ordi- 
narily, this  time  will  come  when  the  hog  weighs  from  250  to  300  pounds, 
but  may  be  reached  cither  above  or  below  those  weights. 

A  hog  1  year  old  and  weighing  300  pounds  in  Kovember  may  still 
maice  a  profitable  gain  if  he  has  the  gleaning  of  a  recently  harvested 
cornfield  with  an  abundance  of  cowpeas,  the  leavings  of  a  sweet  potato 
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field,  or  any  similar  food  which  would  otherwise  be  wasted,  but  if  none 
of  these  feeds  are  available,  and  all  the  food  consumed  must  be  pur- 
chased, it  will  be  more  profitable  to  sell  at  once,  even  if  the  weight  is 
not  more  than  200  pounds. 

As  showing  the  increased  cost  per  pound  of  gain  with  the  increase 
in  weight,  Professor  Henry,  of  the  Wisconsin  Station,  has  compiled*  the 
results  of  more  than  500  tests  made  at  many  different  experiment  sta- 
tions. More  than  2,200  hogs  were  used  in  these  tests,  and  the  work 
has  been  so  extensive  and  carried  on  through  so  many  years  that  the 
results  may  be  regarded  as  very  conclusive  evidence.  The  figures  are 
as  follows: 


Feed 
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5.91 

8.43 

1.24 
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2.91 

1.33 

498 

250-300 

7.40 

2.74 

1.40 

511 

800-^50 

7.60 

2.85 

1.40 

535 

From  these  figures  it  is  seen  very  plainly  that  the  greatest  as  well 
as  the  most  profitable  gains  are  made  on  the  lighter  hogs,  the  last  col- 
umn showing  a  constant  and  almost  regular  increase  in  the  amount  of 
feed  consumed  for  each  100  pounds  of  gain.  Up  to  the  time  when  the 
pigs  weighed  Irom  200  to  250  pounds  each  it  required  an  average  of 
422  pounds  of  feed  for  each  100  pounds  of  gain,  while  for  those  exceed- 
ing 250  pounds  in  weight  523  pounds,  or  nearly  24  per  cent  more  food 
was  required  to  produce  an  equal  gain.  Pigs  weighing  less  than  100 
pounds  each  made  the  greatest  gains  for  the  food  consumed,  needing 
only  347  pounds  of  feed  for  each  100  pounds  of  gain,  and,  if  feed  were 
the  only  consideration,  the  100-pound  pig  would  be  the  most  profitable; 
but  there  are  other  expenses  which  must  be  charged  against  him. 
The  cost  and  care  of  the  boar  and  sow  are  the  same  whether  the  pigs 
are  butchered  at  100  or  500  pounds.  Losses  are  much  more  frequent 
among  young  pigs  than  among  those  which  weigh  more  than  100  pounds 
each,  and,  while  there  is  a  limited  demand  for  "pig  pork''  at  good 
prices,  such  pork  can  not  be  sold  in  unlimited  quantities,  as  packei*s 
want  only  hogs  which  are  fairly  well  matured.  These  expenses,  risks, 
and  market  conditions  all  combine  to  make  a  somewhat  heavier  animal 
more  profitable,  even  at  some  additional  expense  for  feed.  Although 
the  figures  given  above  represent  the  actual  amounts  of  food  consumed 
by  pigs  of  different  weights,  they  do  not  represent  exactly  the  cost  of 
the  feed.    The  food  of  the  younger  i^igs  must  consist  largely  of  the 
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more  cosily  feeds,  shorts,  oats,  pease,  etc.,  while  the  older  animals  can 
be  kept  in  good  condition  on  coarser  and  cheaper  foods,  such  as  «weet 
potatoes,  sorghum,  or  artichokes.  When  steers  are  being  fattened  on 
whole  corn,  hogs  running  in  the  same  feed  lot  will  secure  a  large  pro- 
portion of  their  feed  without  expense  from  the  droppings  of  the  cattle. 
This  will  not  be  the  case,  however,  when  the  steers  are  fattened  on 
other  feeds,  corn  meal  giving  very  little  feed  for  the  hogs,  and  drop- 
pings from  the  steers  fed  on  cotton-seed  meal,  the  common  fattening 
feed  in  the  South,  often  prove  positively  injurious. 

So  long  as  a  pig  is  making  a  fair  gain  on  feed  of  which  he  gets  at 
least  one  half  by  grazing  it  is  usually  profitable  to  keep  him,  but  after 
he  reaches  salable  maturity,  is  in  marketable  condition,  and  draws  a 
large  proportion  of  his  feed  from  the  crib,  he  should  be  sold  at  once. 

Usually  it  is  better  to  have  hogs  ready  for  market  as  early  as  Novem- 
ber or  December,  and  it  rarely  pays  to  feed  through  the  winter  for 
making  pork.  Summer  feeding  is  cheap  while  winter  feeding  is  expen- 
sive. Pigs  farrowed  in  the  spring  should  weigh  from  200  to  250  pounds 
by  fall,  and  if  the  market  is  not  unusually  depressed  it  is  better  to  let 
them  go  then  rather  than  to  feed  through  the  cold  weather  and  risk 
still  lower  prices  in  the  spring.  If  good  grazing  is  assured  through 
the  entire  winter  and  grain  is  not  too  expensive,  winter  feeding  is 
sometimes  profitable  on  account  of  the  higher  prices  which  usually 
prevail  in  the  spring,  but  ordinarily  it  is  better  to  winter  only  the 
breeding  animals  and  the  fall  pigs. 

For  the  last  few  weeks  of  fattening,  corn  is  undoubtedly  the  best 
grain  feed,  as  it  produces  a  meat  which  is  of  good  flavor,  prime,  and 
wholesome,  flogs  can  be  fattened  cheaply  on  many  other  feeds,  but 
the  meat  is  greatly  modified  by  the  feed  consumed  during  the  last  six 
or  eight  weeks,  and  animals  which  have  been  fattened  on  peanuts,  cow- 
peas,  mast,  and  similar  foods  should  have  corn  as  their  finishing  feed. 
Peanuts  especially  have  a  very  softening  effect  on  the  lard,  as  is  shown 
by  Duggar,^  who  found  the  melting  point  of  lard  from  corn-fed  pigs  to 
be  111.20  Y.y  while  that  from  peanut-fed  pigs  is  only  76.1o  p. 

Feeding  for  the  finish  should  not  begin  more  than  ten  or  twelve 
weeks  before  the  hogs  are  to  be  sold.  Hogs  which  have  had  good  graz- 
ing through  the  summer  and  enough  grain  feed  to  keep  them  growing 
well  take  on  flesh  rjipidly  during  the  first  few  weeks  of  heavy  feeding, 
but  the  longer  the  feeding  is  continued  the  slower  and  more  expensive 
will  be  the  gains.  In  testing  this  matter  at  the  Wisconsin  Station,* 
where  pigs  were  fed  twelve  weeks,  the  average  weekly  gains  during  the 
first  four  weeks  wore  11.6  pounds  each;  during  the  second  four  weeks, 
11.5  pounds;  and  during  the  third  four  weeks,  9.5  pounds.  Although 
the  actual  gains  during  the  second  four  weeks  were  equal  to  those  of  the 
first  four,  the  increase  was  made  at  a  much  greater  cost  of  food,  the 

^Bullotiu  93,  Alabama  Experiment  Station. 
'Report  WiBConsin  E?cperlmeut  Station,  1897. 
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amonnt  of  feed  reqnired  for  each  100  ponnds  of  growth  daring  the  first 
month  being  418  pounds^  during  the  second  month  461  pounds^  and 
daring  the  third  month  559  poands,  or  one-third  more  than  was 
reqnired  dnring  the  first  month.  Qnick  work  pays  in  fattening  as  wen 
as  in  growing  hogs,  and  when  the  animals  are  on  good  feed  and  fail  to 
make  a  gain  of  at  least  1  poand  daily  they  should  be  sold  or  butchered* 
The  man  who  is  raising  hogs  in  such  numbers  that  he  can  ship  than 
by  the  carload  should  time  the  farrowing  and  the  final  breeding  so  that 
he  can  fill  a  car  with  animals  of  nearly  the  same  ages  and  weights,  aa 
such  lots  always  bring  much  better  prices  than  do  mixed  lots  contain- 
ing animals  of  different  sizes  and  uneven  in  maturity.  The  man  who 
raises  only  a  small  drove  will  usually  find  a  demand  for  them  in  his 
local  market,  and  where  such  a  demand  exists  he  will  find  it  profitable 
to  have  a  few  animals  in  condition  for  butchering  at  any  time  except 
daring  the  hot  summer  months. 

DISEASES  AND  DTSECTS. 

The  diseases  aflFecting  hogs  in  the  South  are  very  few,  bat  are  some- 
what difficult  to  recognize,  and  still  more  difficult  to  treat  successfully. 
Practically,  the  only  contagious  diseases  which  cause  serious  trouble 
are  cholera  and  swine  plague,  which,  though  different  diseases,  resem- 
ble each  other  very  closely  and  require  the  same  treatment.  Both  are 
highly  infectious  and  cause  the  loss  of  a  large  proportion  of  the  animals 
attacked. 

HOG  CHOLEHA  AND  SWINE  PLAGUE. 

Dr.  D.  E.  Salmon,  Chief  of  the  Bureau  of  Animal  Industry,  gives  the 
symptoms  of  these  diseases,  as  follows : 

There  are  first  seen  the  signs  of  fever,  shivering,  unwillingness  to  move,  more  or 
less  loss  of  appetite,  and  elevation  of  temperature,  which  may  reach  106°  to  107°  F,; 
the  animals  appear  stupid  and  dull,  and  have  a  tendency  to  hide  in  the  litter  or 
bedding  and  remain  covered  by  it.  The  bowels  may  be  normal  or  constipated  at  the 
beginning  of  the  attack,  but  later  there  is  generally  a  liquid  and  fetid  diarrhea, 
abundant,  exhausting,  and  persisting  to  the  end.  The  eyes  are  at  first  congested 
and  watery,  but  soon  the  secretion  thickens,  becomes  yellowish,  accumulates  in  the 
angles,  and  gums  the  lids  together.  The  breathing  is  more  rapid  than  usual,  and 
may  be  oppressed  and  labored  in  the  later  stages.  There  is  a  cough  which,  however, 
is  not  very  frequent,  and  generally  heard  when  the  animals  ar3  driven  from  their 
beds.  It  may  be  a  single  dry  cough,  or  it  may  be  paroxysmal.  The  skin  is  often  con- 
gested and  red  over  the  abdomen,  inner  surface  of  the  limbs,  under  surface  of  the 
neck,  and  on  the  ears.  The  color  raries  from  a  pinkish  red  to  dark  red  or  purple. 
An  eruption  is  sometimes  seen,  which  leaves  crusts  or  scabs  of  various  sizes  over  the 
skin.  There  is  a  rapid  loss  of  fiesh,  the  animal  grows  weak,  stands  with  arehed 
back,  and  abdomen  drawn  up,  and  walks  with  a  tottering,  uncertain  gait.  There 
is  less  and  less  inclination  or  ability  to  move,  and  the  weakness  and  exhaustion 
increase  until  death  results. 

The  symptoms  of  swine  plague  in  many  cases  are  not  noticeably  dif- 
ferent from  those  of  hog  cholera.    Frequently,  however,  the  lungs  are — 

extensively  inflated  in  swine  plague,  and  in  that  condition  the  breathing  is  more 
oppressed  and  labored,  and  the  cough  more  frequent  and  painful. 
The  course  of  these  diseases  varies  from  one  or  two  days  to  two  or  three  weeks. 
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Altbongb  there  is  na  known  remedy  which  is  invariably  snccessfol. 
Dr.  Salmon  recommends  the  use  of  the  following: 

Founds. 

Wood  charcoal 1 

Snlpbor 1 

Sodiam  chloride 2 

Sodimn  bicarbonate 3 

8odiiimhj|>08aIphite.» • 2 

Sodiam  sulphate 1 

Antimony  sulphide  (black  antimony) 1 

These  ingredients  should  be  con^pletely  pulverized  and  thoroughly  mixed. 

The  dose  of  this  mixture  is  a  large  tablespoonful  for  each  200  pounds  weight  of 
hogs  to  be  treated,  and  it  should  be  giyen  only  once  a  day. 

He  also  says: 

Hogs  are  fond  of  this  mixture;  it  increases  their  appetite,  and  when  they  once 
taste  of  food  with  whioh  it  has  been  mixed  they  will  eat  it  though  nothing  else 
would  tempt  thent. 

Animals  that  are  very  sick  and  that  will  not  come  ^to  the  feed  should  be  drenched 
with  the  medicine  shaken  up  with  water.  Great  care  should  be  exercised  in  drench- 
ing hogs  or  they  wiH  be  suffocated.  Do  not  turn  the  hog  on  its  back  to  drench  i% 
hat  pull  the  cheek  away  from  the  teeth  so  as  to  form  a  pouch  into  which  the  medicine 
may  be  slowly  poured.  It  will  flow  &om  the  cheek  into  the  mouth,  and  when  the 
hog  finds  out  what  it  is  it  will  stop  sqnealing  and  swallow.  A  very  easy  method  is 
to  cut  off  the  toe  of  an  old  shoe,  insert  the  cut  end  into  the  hog's  mouth,  and  pour  the 
medicine  into  the  shoe.  In  many  of  our  experiments  hogs  which  were  so  sick  that 
they  would  eat  nothing  hare  commenced  to  eat  very  soon  after  getting  a  dose  of  the 
remedy,  and  have  steadily  improved  until  they  appeared  perfectly  weU.  This  is 
particularly  the  cose  when  the  disease  is  hog  cholera. 

This  medicine  may  also  be  used  as  a  preventive  of  these  diseases,  and  for  this  pur- 
pose should  be  put  in  the  feed  of  the  whole  herd.  Care  should,  of  course,  be  observed 
to  see  that  each  animal  receives  his  proper  share. 

With  these,  as  with  all  other  diseases,  prevention  is  much  better 
than  treatment.  If  cholera  is  known  to  be  in  the  neighborhood  the 
hogs  should  be  confined  in  a  small  lot  in  which  there  is  no  stagnant 
water  and  where  they  will  be  protected  from  excessive  heat  or  cold. 
They  should  be  fed  well,  principally  with  bran,  shorts,  and  other  soft 
feeds,  in  which  should  be  mixed  a  daily  dose  of  the  mixture  described 
above*  No  one  who  has  recently  visited  a  place  where  the  disease 
exists  should  be  allowed  to  go  near  the  lot.  Care  should  be  taken  that 
the  hogs  have  no  access  to  any  ground  which  receives  drainage  from 
an  infected  locality.  Any  animals  which  are  purchased  should  be  quar- 
antined at  least  a  month  before  being  put  with  the  drove. 

Should  the  disease  make  its  appearance  in  a  drove,  all  the  animals 
which  appear  to  be  still  unaffected  should  at  once  be  separated  from 
the  sick  and  placed  in  a  pen  as  far  away  as  possible.  Should  the  dis- 
ease appear  among  those  which  have  been  moved,  the  sound  animals 
should  be  moved  to  still  another  place.  It  is  of  little  use  to  move  the 
sick,  as  the  lot  in  which  they  have  been  kept  is  thoroughly  infected. 
Different  feeders  should  care  for  the  sick  and  the  well  for  fear  of  carry- 
ing the  contagion,  as  a  bit  of  manure  no  larger  than  a  pin  head  might 
easily  be  carried  on  the  foot  from  the  sick  to  the  pen  where  the  healthy 
animals  are  kept,  and  so  spread  the  disease. 
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The  carcasses  of  any  animals  whicli  die  from  the  disease  should  be 
burned  immediately.  Burying  them  is  not  safe,  as  the  germs  of  the 
disease  may  retain  their  vitality  for  months  when  in  damp  soil,  and  if 
brought  to  the  surface  by  dogs  or  worms,  may  cause  another  outbreak 
of  the  disease  at  any  time.  The  lots  where  sick  animals  have  been  kept 
should  be  thoroughly  disinfected  by  sprinkling  heavily  with  lime,  and 
should  not  be  used  again  for  at  least  six  weeks.  The  disease  is  so  fatal 
and  so  difficult  to  treat  successfully  that  too  much  care  can  not  be  taken 
to  prevent  its  introduction  or  spread. 

THE  HOG  LOUSE. 

The  hog  louse  is  the  only  insect  which  causes  much  trouble  in 
raising  hogs,  and  when  it  once  becomes  established  in  a  drove  it  is  not 
easily  exterminated.  Fortunately  the  lice  are  so  large  that  they  can 
be  seen  easily,  and  their  presence  may  therefore  be  known  before  they 
become  very  abundant.  They  are  liable  to  appear  at  any  season  of  the 
year,  and  they  thrive  on  hogs  of  any  age  or  condition.  They  are 
found  in  and  behind  the  ears,  back  of  the  shoulders,  and  in  the  creases 
on  the  lower  part  of  the  ham  more  frequently  than  elsewhere;  if  those 
places  are  free  from  them  there  is  little  danger  that  they  exist  on 
other  parts  of  the  animal.  Coal  oil  is  sure  death  to  every  louse  it 
touches,  but  does  not  always  kill  the  eggs,  and  must  be  used  with 
caution  to  prevent  its  blistering  the  skin  of  the  hog.  When  a  large 
drove  is  to  be  treated,  the  work  can  be  done  very  quickly  by  using  a 
spray  pump  having  an  attachment  for  mixing  the  oil  and  water,  and 
the  pump  should  be  set  so  that  it  will  use  about  five  parts  of  water  to 
one  part  of  oil.  When  such  a  mixture  is  thrown  over  the  hogs  in  a 
fine  spray,  only  a  little  of  the  oil  is  used  to  cover  the  whole  animal, 
and  if  the  spraying  is  done  in  the  evening,  nearly  all  of  the  oil  will 
have  evaporated  by  morning  and  there  will  be  no  blistering  of  the 
skin  when  the  hogs  are  exposed  to  the  hot  sun  on  the  following  day. 
So  little  oil  is  used  in  the  spraying  that  few  of  the  eggs  will  be  killed, 
and  the  work  should  be  repeated  at  the  end  of  a  week,  and  again  at 
the  end  of  the  second  week.  If  the  work  is  thoroughly  done,  three 
sprayings  will  be  sufficient.  If  a  spray  pump  is  not  available,  the  hogs 
should  be  rubbed  with  a  mixture  containing  two  parts  of  lard  oil  to 
one  of  coal  oil,  repeating  twice  at  intervals  of  a  week.  The  sleeping 
places  should  be  thoroughly  cleaned,  the  bedding  burned,  and  the 
inside  of  the  buildings  thoroughly  wet  with  coal  oil. 

Even  with  the  most  thorough  treatment  it  requires  time  and  patience 
to  clean  a  drove  which  has  become  badly  infested,  but  it  must  be  done 
if  the  hogs  are  to  be  kept  in  a  thriving  condition.  It  is  not  difficult 
to  destroy  the  larger  part  of  the  lice,  but  that  is  not  sufficient,  for 
where  there  are  even  a  few  eggs  left  in  the  ears  or  under  the  jowls  of 
a  single  animal  the  pest  will  soon  become  as  bad  as  ever. 

Lice  never  infest  clean  hogs  when  they  are  not  brought  from  an 
infested  drove,  and  the  hog  raiser  who  has  a  clean  herd  can  not  be  too 
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careful  to  keep  it  so.  No  stray  bog  should  be  allowed  on  tne  premises, 
and  any  which  are  purchased  should  be  examined  very  carefully  before 
they  are  allowed  to  run  with  the  others.  The  oil  mixture  should  always 
be  kept  close  at  hand  where  it  can  be  used  immediately  if  any  indica- 
tions of  lice  are  seen.  It  is  much  easier  to  kill  a  few  lice  on  a  few  ani- 
mals than  to  clean  a  thoroughly  infested  herd. 

STATEMENTS  OF  SUCCESSFXTL  HOG  EAISERS. 

The  following  quotations  give  some  of  the  actual  practices  followed 
by  successful  hog  raisers  and  suggest  some  of  the  most  serious  obstacles 
likely  to  be  encountered. 

In  speaking  of  raising  hogs  for  pork,  Mr.  Foster,  of  Louisiana,  to 
whom  reference  has  already  been  made,  says: 

I  think  two  litters  should  be  raised  where  winter  pasture  can  he  had  cheaply; 
otherwise  only  a  spring  litter  to  be  tamed  o£f  at  eight  or  nine  months.  In  feeding 
breeding  sows  I  simply  see  that  they  are  improving  in  flesh  and  strength  and  have 
laxative  food  before  farrowing.  If  pastare  does  not  keep  their  bowels  in  good  con- 
dition^  I  feed  bran  or  cotton-seed  meal  for  a  short  time  previous  to  farrowing.  On 
our  plantation  I  put  up  32,000  pounds  of  green  bacon  last  winter  at  a  cost  of  a  little 
less  than  3  cents  per  pound  on  com  and  alfalfa  pasture,  charging  corn  at  40  cents 
per  bushel  and  pasture  at  $5  per  acre,  but  charging  nothing  for  fencing,  shelters,  or 
labor,  as  the  pasture  (40  acres)  furnished  a  great  deal  of  feed  for  my  oolts,  mules, 
and  cows.  The  greatest  obstacle  to  success,  I  think,  is  disease  caused  in  a  majority 
of  cases  by  crowding  too  many  hogs  together  and  disregarding  sanitation.  I  never 
keep  more  than  three  or  four  litters,  having  my  pasbire  subdivided  by  portable 
fences  into  small  lots  of  one-half  to  1  acre  each,  with  a  choi.p  sholter  in  each  lot.  I 
never  saw  all  of  a  large  bunch  of  hogs  do  well  when  fed  together.  The  fewer  in  a 
drove  the  better. 

Professor  Duggar,  of  Alabama: 

Two  litters  a  year  are  practicable  and  profitable. 
The  principal  obstacles  to  success  are : 

(a)  The  want  of  a  market  at  steady  prices.    We  need  packing  houses. 

(b)  The  attempt  to  make  com,  which  is  high-priced  in  most  Southern  communi- 
ties, the  main  or  sole  food  for  the  hog.  We  need  speeial  hog  crops,  and  pastures 
prepared  especially  for  hogs. 

(o)  Cholera,  which  is  largely  preventable  by  proper  fencing,  feeding,  and  a 
knowledge  of  the  means  by  which  it  is  disseminated. 

(d)  The  cost  of  making  hog-tight  fences  around  fields  where  hog  crops  should  be 
grown. 

(e)  Scrub  blood. 

(/)  Financial  loss  due  to  keeping  hogs  past  the  age  of  twelve  or  fifteen  months, 
and  similar  errors  of  judgment  due  to  want  of  information. 

Dr.  Redding,  of  Georgia,  says: 

I  prefer  to  have  sows  farrow  in  March,  the  pigs  to  be  made  into  bacon  the  follow- 
ing December;  farrow  again  in  September,  the  pigs  to  be  sold  for  butchers'  meat 
and  consumed  fresh.  The  March  pigs  in  December  should  net  200  to  225  pounds 
each.  The  salted  pork  should  be  ready  for  "smoking"  by  February  1.  The  Sep- 
tember pigs  should  be  kept  in  good  butchers'  condition  and  sold  as  the  market  may 
demand. 

Before  farrowing,  sows  should  be  kept  in  good,  thrifty  condition,  but  certainly  not 
fat,  with  moderate  exercise  required,  or  at  least  provided  for.    After  farrowing,  the 
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best  and  most  nntritions  and  milk-prodncing  food  shonld  be  given — mashed  and 
scalded  oats,  aborts,  bran,  corn  meal  v:et  up  with  water,  some  green  food,  and  pas- 
ture. Plenty  «^f  pure,  clean  water  is  desirable.  The  little  pigs  shonld  be  taught  to 
drink  skim  milk,  thin  bran  mashes,  and  the  like  as  soon  as  possible.  Later  they 
should  have  a  regular  allowance  of  mashed  oats,  bran,  and  corn  meal,  with  such 
green  food  ai  may  be  available.  I  consider  the  common  collard  an  excellent  soiling 
food  for  hogs.  The  collard  leaves  are  especially  suited  for  growing  stock  of  aU 
kinds,  but  particularly  for  hogs.  The  plants  should  be  set  out  1  foot  apart,  in  3-foot 
rows,  in  rich  soil,  in  April.  In  a  few  weeks  feeding  may  begin  by  pulling  out  every 
third  plant  and  feeding  them  whole.  Later,  each  alternate  plant  of  those  remain- 
ing may  be  removed  and  fed.  After  the  patch  has  been  thus  thinned  to  one  plant 
every  3  feet,  commence  to  "prime;"  that  is,  pluck  off  one  or  more  of  the  bottom 
lcave:i  of  each  plant,  and  so  on  all  summer  and  fall. 

Lucerne  is  an  excellent  soiling  plant,  better  and  more  convenient  than  red  clover. 
The  saccharine  sorghums,  and  Indian  com  (in  roasting  ear)  fed  "stalk  and  all,"  are 
both  good. 

It  should  not  cost  over  $5  or  $6  to  produce  a  hog  weighing  200  pounds. 

I  know  of  no  insurmountable  obstacle  to  profitable  hog  raising  throughout  the 
6outh.  In  fact,  there  is  hardly  an  impediment  in  the  way.  Want  of  well-established 
pastures  is  noticeable. 

CONCLUSIONS. 

Tbo  obstacles  mentioned  can  readily  bo  overcome.  Diseases  caused 
by  overcrowding  can  be  avoided  by  building  a  few  fences  and  cheap 
shelters.  The  exclusive  or  excessive  use  of  corn  is  wholly  unnecessary 
in  view  of  the  many  other  feeding  crops  available  j  and  it  is  not  eco- 
nomical by  reason  of  the  smaller  cost  of  other  feeds  which  are  equally 
good  or  better  for  use,  except  during  the  short  time  of  fattening. 
Scrub  blood  is  as  unprofitable  in  Kansas  or  Ohio  as  in  Texas  or  Flor- 
ida; pure-bloods  can  be  obtained  in  one  place  as  readily  as  in  another, 
and  with  the  use  of  well-bred  stock  every  animal  can  be  made  ready 
for  market  without  keeping  it  beyond  twelve  or  fifteen  months.  Pack- 
ing houses  will  be  built  as  soon  as  the  supply  of  hogs  is  in  excess  of 
the  local  demand,  and  until  then  the  farmer  will  find  it  profitable  to  be 
his  own  packer.  The  man  with  a  small  herd  will  make  a  much  better 
profit  In  i)roportion  to  his  investment  than  the  man  who  grows  for 
sliipment.  With  such  a  favorable  climate,  and  with  food  crops  which 
can  be  produced  at  so  little  cost,  hog  raising  can  be  made  profitable  on 
every  farm  in  the  South. 
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